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THE 


DIFFERENT FORMS OF FLOWERS 


ON 

PLANTS OP THE SAME SPECIES. 


• INTEODU,CTION. 

The subject of the present volume, namely the dif- 
ferently formed flowers normally produced by certain 
kinds of pbints, either on the same stock or on distinct 
stocks, ought to have been treated by a professed bota- 
nist, to which distinction I can lay no claim. As far as 
the sexual relations of floAvers are concerned, Linuoiiis 
long ago divided them into hermaphrodite, moncecious, 
<licBcious, and polygamous species. This fundamental 
distinction, with the aid of several subdivisions in eacli 
of tlie four classes, Avill serve my purpose; but tin* 
elassiflcatioii is artificial, and the groups often pass 
into one another. 

The hermaphrodite class contains two interesting 
snb-groups, namely, heterostyled and cleistogamie 
plants; but there are several other less important 
subdivisions, presently to . be given, in which flowers 
diflering in various ways from one another are pro- 
duced by the same species. 

Some plants were described by me several years ago, 
m*a series of papers read before the Linnean. Society * 

* “ Oil tlie Two Forms or Di- of Primula, and on their uemark- 
morphic Condition in the Species able SezuBl 'RelatiqpB.*’ *,JoiiTniil 
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the individuals of which exist under two or three 
forms^ differing in the length of their pistils and 
stamens and in other respects. They were called by 
me dimorphic and trimorphic, but have since been 
better named by Hildebrand, heterostyled.* As T 
have many still unpublished observations with respect 
to these plants, it has seemed to me advisable to re- 
publish my former papers in a connected and cor- 
rected form, together with the new matter. It will 'b^ 
shown that these heterostyled plants are adaptpfl for 
reciprocal fertilisation ; so that the two or three forms, 
though all are hermaphrodites, are related to otm 
another almost like the males and females of ordinary 
iinisexual animals. I will also give a full abstract of 
such observations as Iiave been published since the 
appearance of my papers ; but only those cases will be 
noticed, with respect to which the evidence seems fairly 
satisfactory. Some plants have been supposed to bo 
lieterostyled merely from their pistils and staincns 
varying greatly in length, and I have been mysell’ 
more than once thus deceived. With some species tlu^ 


of the Proceedings of the Linnean 
Society,’ vol. vi. 1862, p. 77. 

the Existence of Two 
Forms, and on their Reciprocal 
Sexual Relation, in several Sp-oies 
of the Genus Liuuni.*’ Ibid. vol. 
vii. 1863, p. 69. 

On tlio Sexual Relations of the 
Three Forms of LytJirum salicaria.' 
Ihid. vol. viii. 1864, p. 169. 

“ On the Character and Hybrid- 
like Nature of the Ofifspring from 
tho lllogitimate Unions of Dimor- 
phic and Trimorphic Plants.’* 
Ibid. vol. X. 1868, p. 393. 

On fliA RnnfiiUn OiO.ai.avi/.Ao 



P. elatior, Jacq. ; and on thr 
Hybrid Nature of the Common 
Oxlip. With Supplementary Re- 
marks on Naturally Produced Hy- 
brids in tho Genus V(>r base urn.” 
Ibid. vol. X. 1868, p. 437. 

* Tlie term “ heterostyled*” docs 
not express all tlie diUeronces be- 
tween the forms; but this is a 
failure common in many cases. 
As the term has been adopted by 
writers in various countries, I uin 
unwilling to diange it for that of 
helerogcme or heterogmowt, though 
this has boon proposed by so hiuh 
an authority us Prof. Asa Ora^ : 
SCO tho * American Naturalist,* 
Jan. 1877, p. 42. 
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pistil continues growing for a long time, so that if old 
and young flowers are compared they might be thought 
to be heterostyled. Again, a species tending to become 
dioecious, with the stamens reduced in some individuals 
and with the pistils in others, often presents a decep- 
tive appearance. Unless it be proved that one form 
is fully fertile only when it is fertilised with pollen 
from another form, we have not complete evidence 
that tlie species is heterostyled. But when the pistils 
and Seamens differ in length in two or three sets of 
individuals, and this is accompanied by a difference in 
the size of the pollen-grains or in the state of the 
stigma, we may infer with much safety that the species 
is heterostyled. I have, however, occasionally trusted 
to a difference between the two forms in the length 
of the pistil alone, or in the length of the stigma 
together with its more or less papillose condition ; and 
in one instance differences of this kind .have been 
proved by trials made on the fertility of the two forms, 
to be suifleient evidence. 

The second sub-group above referred to consists of 
hermaphrodite plants, which bear two kinds of flowers 
— the one perfect and fully expanded — the other mi- 
nute, completely closed, with the petals rudimentary, 
often with some of the anthers aborted, and the re- 
maining ones together with the stigmas much reduced 
in SL/iC ; yet these flowers are perfectly fertile. They 
have been called by Dr. Kiihii* cleistogamic, and they 


* *Botani8ohe Zeitung,* 1867, 
p. 65. Several plants are known 
occaainnally to produce flowers 
destitute of a corolla; but they 
belong to a different class of 
from cleistogamic flowers. 
This deficienoy seems to result 
from the conditions to which the 
plants have been subjcjjted* and 


partakes of the nature of a mon- 
strosity. All the flowers on the 
same plant are commonly affected 
in the same maimer. Such oases, 
though they have sometimes been 
ranked %$ cleistogamic, do 
Qpme within our present : 
see Dr. MaxweU Makers, 'Vege- 
table Teratology,* p. 4*05. 

B 2 
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will be described in the last chapter of this Toliime. 
They are manifestly adapted for self-fertilisation, which 
is effected at the cost of a wonderfully small expendi- 
ture of pollen ; whilst the perfect flowers produced by 
the same plant are capable of cross-fertilisation. Cer- 
tain aquatic species, when they flower beneath the 
water, keep their corollas closed, apparently to protect 
their pollen ; they might therefore be called cleisto- 
gamic, but for reasons assigned in the proper place 
not included in the present sub-group, Several ^lois- 
togamic species, as we shall hereafter see, oury their 
ovaries or young capsules in the ground ^ bai sum^ IV.w 
other plants behave in the same mannei ; ana, as they 
do not bury all their flowers, they mighw 1* vo formed 
a small separate subdivision. 

Another interesting subdivision consists Oi n 
plants, discovered by H. Muller, S( .ne individuals 
of which bear conspicuous flowers adapted for 's- 
fortilisation by the aid of insects, and others miudi 
smaller and less conspicuous flowers, which have often 
l>een slightly modified so as to ensure self-fertilisation. 
I/ymamhia vulgarity EupJirasia offidnalis, Bhinanthus 
erista-gattij and Viola tricolor come under this head.* 
The smaller and less conspicuous flowers arc not closed, 
but as far as the puri)ose which they serve is con- 
cerned, namely, the assured propagation of the species, 
they approach in nature cleistogamic flowers ; but they 
differ from them by the two kinds being produced on 
distinct plants. 

Witli many plants, the flowers towards the outside of 
the inflorescence ore much larger and more conspicu- 
ous than the centr&l ones. As I shall not have occu- 

Muller, * Nature/Sept. 25, ‘ Die Befruchtung der Blumen,’ 

1873 (toI. 'vpi.), p. 433, and Noy. &o., 1873. p. 294. 

ftf73 (voL ix.), p. 44. Also 



INTRODUCTION. 


5 


sion to refer to plants of this kind in the following 
chapters, I will hero give a few details respecting j^hein. 
rt is familiar to every one that the ray-florets of the 
Composite often differ remarkably from the others ; and 
so, it is with the outer flowers of many Umbelliferae, 
some Cruciferao and a few other families. Several 
species of Hydrangea and Viburnum offer striking 
instances of the same fact. The Bubiaccous genus 
MTissmnda presents a very curious appearance , from 
some i)f tnc flowers having the tip of one of tlio sepals 
developed into a largo potal-like expansion, <M:)loure<l 
eithoi ohite oi purple. The outer flowers in several 
\c.iiithacv .110 r*.'^'era are largo and conspicuous but 
sterihi ; the y -i order are smaller, open, moderately 
-‘loile anil . . ' of cross-fertilisation; whilst the 
ii ntr il )!. aio Ljistogamic, being still smaller, closed 
' ufl liigijJy fertile ; so that here the inflorescence con- 
\iists of tliree ki*.»ls of flowers.* From what we know 
ixi other cases of tlie use of the corolla, coloured bractem, 
&c., and from what H. Muller has observed t on the 
frequency of the visit ^ of insects to the flower-heads of 
the Umb€dlifer{e and Oompositse being largely deter- 
mined by their conspicuousness, there cjan be no doubt 
that the increased size of the corolla of the outer 
flowers, the inner ones beiiig in all the above cases 
nnall, serves to attract insects. The result is that 
cross-fertilisation is thus favoured. Most flowers wither 
soon after being fertilised, but Hildebrand states!^ that 
the ray-florets of the Cdmpositas last for a long time, 
until all those on the disc are impregnated ; and this 
clearly shows the use of the former. The ray-florets, 

• • J. Scott, ‘ Journal of Botany,* men/ ^p. 108, 412. 

London, new jBcrieB, vol. i. 1872, t interesting qremoir, 

pp. IH 1-104. 'UcberdteUeBoliltcLtsvcrhaltnisse 

t * Die Bufruchtung der BIu- bei den CompofiiteD, 1869,^. 92. 
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however, are of service in another and very different 
manner, namely, by folding inwards at night and 
during cold rainy weather, so as to protect the florets 
of the disc.* Moreover they often contain matter 
which is excessively poisonous to insects, as may be 
seen in the use of flea-powder, and in the case of 
Pyrethrum, M, Belhomme has shown that the ray- 
florets are more poisonous than the disc-florets in the 
ratio of about three to two. We may therefore belitfv.e 
that the ray-florets are useful in protecting the ^dwers 
from being gnawed by insects.t 
It is a well-known yet remarkable fact that the cir- 
cumferential flowers of many of the foregoing plants 
have both their male and female reproductive organs 
aborted, as with the Hydrangea, Viburnum and ccrhiin 
Composites ; or the male organs alone are aborted, as 
in many Compositae. Between the sexless, female and 
hermaphrodite states of these latter flowers, the finest 
gradations may be traced, as Hildebrand has shown, 
He also shows that there is a close relation between 
the size of the corolla in the ray-florets and the degree 
of abortion in their reproduefive organs. As we have 
good reason to believe that these florets are highly 
serviceable to the plants which possess them, more 
especially by rendering the flower-heads conspicuous 


* Kenuir dearly ehows that 
this is the case ; * Die Schutzmittel 
des Pollens,’ 1873, p. 28. 

t * Gardener’s Ghroniole,’ 1861, 
p. 1067. Lindley, * Vegetable 
Kingdom,’ on Cliiysanthemum, 
1853, p. 706. Kerner in his in- 
teresting essay (’ Die Scbut 2 |nittel 
del Bliithen gegon nnbenifene 
Graste,* 1875, p. 19) that 

the Itatals of most plants contain 
matter* which is offensive to in- 
sects^ so that they are seldom 


gnawed, and thus the organs of 
unotiOoation are protected. My 
grandikther in 1790 (* Loves of 
tho Plants,’ canto iii. note to lines 
184, 188) remarks that ** The 
flowers or petals of plants are 
perhara in general more acrid 
than their leaves; hence they are 
much seldomer eaten by inseots.” 

1 ‘Ueber die Gosoldocbtsvef- 
haitnisse bei den Gompositen,’ 
1869, pp. 78-91. 
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to insects^ it is a natural inference that their corollas 
have been increased in size for this special purpose ; 
and that their development has subsequently led, 
through the principle of compensation or' balance- 
ment, to the more or less complete reduction of the 
reproductive organs. But an opposite view may be 
maintained, namely, that the reproduptive organs 
first began to fail, as often happens under cultiva- 
tion,* and, as a consequence, the corolla becaipe, 
thrdi^h compensation, more highly developed. This 
view, however, is not probable, for when hermaphrodite 
plants become dioecious or gyno-dioecious — ^that is, 
are converted into hermaphrodites and females — ^the 
corolla of the female seems to be almost invariably 
reduced in size in consequence of the abortion of the 
male organs. The difference in the result in these two 
classes of cases, may perhaps be accounted for by the 
matter saved through tlie abortion of the male organs in 
the females of gyno-dioecious and dioecious plants being 
directed (as we shall see in a future chapter) to the for- 
mation of an increased supply of seeds ; whilst in the 
case of the exterior florets and flowers of the plants 
which we are here considering, such matter is expended 
in the development of a conspicuous corolla.® Whether 
in the present class of cases the corolla was first af- 
fected, as seems to me the more probable view, or the 
reproductive organs first failed, their states of develop- 
ment are now firmly correlated. We. see this well illus- 
trated in Hydrangea and Viburnum ; for when these 
plants are cultivated, the corollas of both the interior 
and exterior flowers become largely developed, and 
their reproductive organs are aborted. 

* 1 have disoiuged this sabjeot xviii. 2nd edit. vol. ii. pfii 152, 
ill my * Variation of Animals and 156. 

Plants under Domestiuution/ chap. 
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There is a closely analogous siubdivision of plants, 
inclucjing the genus Muscari (or Feather Hyacinth) 
and the allied Belleyalia, which bear both perfect 
flowers and closed bud-like bodies that never expand. 
The latter resemble in this respect cleistogamic 
flowers, but differ widely from them in being sterile 
and conspicuous. Not only the aborted flower-buds 
and their peduncles (which are elongated apparently 
through the principle of compensation) are bright^ 
coloured, but so is the upper part of the spjCe — 
all, no doubt, for the sake of guiding insects to the 
inconspicuous perfect flowers. From such cases as 
these wo may pass on to certain Labiatse, for instance, 
Salvia Horminuin, in which (as I hear from Mr. Thisel- 
ton Dyer) the upper bracts are enlarged and brightly 
coloured, no doubt for the same purpose as before, with 
the flowers suppressed. 

In the Carrot and some allied Umbellifer®, th ' cen- 
tral flower has its petals somewhat enlarged, and these 
are of a dark purplish-red tint ; but ’t cannot be sup- 
posed that this one smaU flower makes the large white 
umbel at all more conspicuous ^ i insects. The ce^*- 
tral flowers are said* to be neuter or sterile, but I 
obtained hy artifleial fertilisation a seed (fruit) appa- 
rently j^erfect from one such flower. Occasionally two 
or tliree of the floi^ors next to the central one are simi- 
larly characterised ; and according to Vaucherf “ cetto 
singuliere degeneration s’etend quelquefois a TombeUe 
entifere.” That the modified cejjtral flower is of no 
functional importance to the plant is almost certain. 
It may perhaps be a remnant of a former and ancient 
condition of the spe6ies, when one flower alone, the 

* English Flora,’ by Sir d'Ewipe/ IStl, tom. ii. p. 614. 
J. E. Smith, 1624, toI. ii. p. 39. On tlie Echinouhora, p. 627. 

t ^llist. Ph\B. to Flautes 
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central one, was female and yielded seeds, as in the 
liSibelliferous genus Echinophora. There is no^ng 
surprising in the central flower tending to retain its 
former condition longer than the others ; for when ir- 
regular flowers become regular or peloric, they are apt 
to be central ; and such peloric flowers apparently owe 
their origin either to arrested development — that is, to 
the preservatioii of an early stage of development — or 
Reversion. Central and perfectly developed flowers 
in nol.a few plants in their normal condition (for in- 
stance, the common Eiie and Adoxa) difter slightly in 
structure, as in the number of the parts, from the other 
flowers on the same plant. All such cases seem con- 
lUictec* with the fact of the bud which stands at the 
nd of the shoot being better nourished than the 
otners, as it receives thi most sap.* 

The cases hitherto mentioned relate to hermaphro- 
0 spc'^ies which boar d* ^erently constructed flowers ; 

there are some pi .ts that produce differently 
ned seeds, of which Dt. Kuhn has given a list.t 
'^h thcUmbelliferao and Compositae, the flowers that 
produce these seeds likewise differ, and the Mfferences 
jii the structure of the sec Is are of a very important 
nature. The causes which have led to differences in 
the seeds on the same plant are not known ; and it is 
very doubtful whether they subserve any special end. 

We now come to our second Class, that of monoecious 
species, or those which have their sexes separated but 
borne on the same plant. The flowers necessarily 
differ, but when those of one sex include rudimente 

This whole subject, includincc DomesUcaiioti,* chap. xxyL2nd 
pelorism, has l)eeii diboussed, aad edit. vol. ii. p. 338. • 

references tfiven, in my * Variation f * But. Zeitung,*«1867, p. 67. 
of Auimals and Plants under 
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of the other sex, the difference between the two kinds 
is usually not great. When the difference is great, 
as we see in catkin-bearing plants, this depends 
largely on many of the species in this, as well as in 
the next or dioecious class, being fertilised by the 
aid of the wind;* for the male flowers have in this 
case to produce a surprising amount of incoherent 
pollen. Some few monoecious plants consist of two 
bodies of individuals, with their flowers differing^ki 
function, though not in structure ; for certain indivi- 
duals mature their pollen before the female flowers on 
the same plant are ready for fertilisation, and are called 
proterandrous ; whilst conversely other individuals, 
called proterogynous, have their stigma^ matiii-e before 
their pollen is ready. The purpose of this curious fuiie- 
tioral difference obviously is to favour the cross-fertili- 
sation of distinct plants. A case of this kind was first 
observed by Delpino in the Walnut and 

has since been observed with the common Nut {Coryliis 
avdlana). I may add that according to H. Muller the 
individuals of some few hermaphrodite plants differ in 
a like manner ; some being proterandrous and others 
proterogynous.! Oil cultivated trees of the Walnut and 
Mulberry, the male flowers have been observed to abort 
on certain individuals!, which have thus been converted 
into iemalcs ; but whether there are any species in a 
state of nature which co-exist as monoecious and female 
individuals, 1 do not know. 

The third Class consists of dioecious species, and tlie 

* Delpino, * Studi sopra uno zi. p. 507, and 1875, p. 26. On 
Lignaggio Ancmofiio.* NIrcnzo, proterandrous and proterogylfous 
1871. nermaphrodite individnalB of t(e 

t ^plno, *Ult OsBewrazioni same species, see H. Mttller, ^Dio 
snUa^PioogamW part ii. fasc. ii. BefruoUtung,* &o., pp. 285, 339. 
p. 337. ^.ftWettorhan and H. t 'Oardenefs Chron.’ 1847, pp. 
MUlldl on Corylus, < Nature/ yol. 541, 558. 
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remarks made under the last class with respect to the 
amount of diflFerence between the male and female 
flowers are here applicab^^. It is at present an in- 
explicable fact that with some dioecious plants^ of 
which the Bestiacem of Australia and the Cape of 
Good Hope offer the most striking instance, the dif- 
ferentiation of the sexes has affected the whole plant 
to such an extent (as I hear from Mr. Thiselton Dyer) 
that Mr. Bcntham and Professor Oliver have often 
founH^it impossible to match the male and female spe- 
cimens of the same species. In my seventh chapter 
ouie observations will bo given on the gradual con- 
"’on of hcterostyled and of ordinary hermaphrodite 
ts into liceciouL or sub-dicscious species. 

The fourth and last Class consists of the plants which 
weic cjallcd polygamous by Linnmus ; but it appears to 
ne that it would be convenient to confine this term to 
species which co-exist as hermaphrodites, males and 
leraales ; and to give new names to several other com- 
binativius of the sexes — a plan which I shall here 
follow. Polygamous plants, in this confined sense of 
the term, may be divided into two sub-groups, accord- 
ing as the three sexual forms ' are found on the same 
individual or on distinct individuals. Of this latter or 
trioicous sub-group, the common Ash {Frawinua 
cdmr) offers a good instance : thus, I examined during 
the spring and autumn fifteen trees growing in the 
same field ; and of these, eight produced male flowers 
alone, and in the autumn not a single seed ; four pro- 
duced only female flowers, which set an abundance of 
seeds; three were hermaphrodites, which had a dif- 
flrent aspect from the other trees whilst in flowef , and 
two of them produced nearly as many seeds a/ the 
female trees, whilst the third produced none* so that it 
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was in function a male. The separation of the sexes, 
however, is not complete in the Ash ; for the female 
flowers include stamens, which drop off at an early 
period, and their anthers, which never open or dehisce, 
generally contain pulpy matter instead of pollen. On 
some female trees, however, 1 found a few anthers con- 
taining pollen-grains apparently sound. On the male 
trees most of the flowers include pistils, but these like- 
wise drop off at an early period ; and the ovules, whi^h 
ultimately abort, are very small compared with, those 
in female flowers of the same age. 

Of the other or monoicous sub-group of polygamous 
plants, or those which bear hormiiphrodite, male and 
female flowers on the same individual, the common 
Maple (Acer ramjpestre) offers a good instance; but 
Lecoq states * that some trees are truly dicerious, and 
this shows how easily one state passes into another. 

A considerable number of plants generally ranked 
as polygamous exist under only two forms, namely, as 
hermaphrodites and females ; and these may be c^led 
gyno-dioecious, of which the common Thyme offers a 
good example. In my seventh chapter I shall give 
some observations on plants of this nature. Other 
species, for instance several kinds of Atriplex, bear on 
the same plant hermaphrodite and female flowers ; and 
these might be called gyno-montecious, if a name were 
desirable for them. 

Again there arc plants which produce hermaphrodite 
and male flowers on the same individual, for in- 
stance, some species of Oalium, Veratnim, &c. ; and 
these might be called andro-monoecious. If there 
exist plants, the individuals of which consist of Ifier- 
inaphrodites and m^les, these might he distinguish^ 


* * GeograpliieBotnnique/ tom. v, p. 3C7. 
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as andro-dioBcious. But^ after making inquiries from 
several botanists, I can hear of no such cases. Lecoq, 
however, states,* but without entering into full details, 
that some plants of Caliha palustris produce only male 
flowers, and that these live mingled with the her- 
maphrodites. The rarity of such cases as this last one 
is remarkable, as the presence of hermaphrodite and 
male flowers on the same individual is not an im- 
iisual occurrence ; it would appear as if nature did 
not •think it worth while to devote a distinct indi- 
vidual to the production of pollen, excepting when 
this was indispensably necessary, as in the case of 
dioBcious species. 

I have now finished my brief sketch of the several 
eases, as far as known to me, in which flowers differing 
in structure or in function are produced by the same 
species of plant. Full details will be given in the fol- 
lowing chapters with respect to many of these plants. 
1 will begin with the heterostyled, then pass on to 
certain dioecious, sub-dioecious, and polygamous species, 
and end with the clcistogamic. For the convenience of 
tlie reader, and to save space, the less important cases 
and details have been printed in smaller type. 

I cannot close this Introduction without expressing 
my warm thanks to Dr. Hooker for supplying me with 
specimens and for other aid; and to Mr. Thisclton 
Dyer and Professor Oliver for giving me much in- 
formation and other assistance. Professor Asa Gray, 
also, has uniformly aided me in many ways. To Fritz 
Muller of St. Catharina, in Brazil, 1 am indebted for 
many dried flowers of heterostyled plants, often accom- 
panied with valuable notes. t 


‘G^graphie Bofianiqaa^’ tom. iv. p. 488. 
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CHAPTEB L 

HfiTEROSTTLED BlMORPllIO PLANTS.* PSIUUI.ACE£. 

Primula veria or tlie Cowslip— Differences in structure between tfcfl 
two forms— Their degrees of fertility when legitimately and ille- 
gitimately united— P. elatior, vulgaris, Sinensis, auricuy} &g.— 
Summary on tho fertility of the lieterostyled species of Primula — 
Homostyled species of Primula— llottonia palustris — ^Androsace 
Vitalliaua. 

It has Ion" been known to botanists that the common 
Cowslip (Primula veris^ Brit. Moia, var. officimKs^ 
Lin.) exists under two forms, about equally numerous, 
which obviously differ from each other in the length 
of their pistils and stamens.* This difference has 
hitherto been looked at as a case of more varia- 
bility, but this view, as we shall presently see, is far 
from the true one. Elorists who cultivate the Polytm- 
thus and Auricula have long been aware of tho two 
kinds of flowei-s, and they call the plants which dis- 
play the globular stigma at tho mouth of the corolla, 
"pin-headed” or "pin-eyed,” and those which display 
the anthers, “ thrum-eyed” f I will designate tho two 
forms as the long-styled and short-styled. 

The pistil in tho long-stylcd form is almost exactly * 
twice as long as that of the short-styled. The stigma 

according to von that some weaver who cultivated 
Mobl ( Bot. zeitiiiig/ 1 863, p^26) the polyanthus invented this natae, 
was nrst observed by Persoon in from being struck with some degree 
the year 1794. ^ of resemblance between the cliStcr 

T Ilk Johnson's Dictionary, of anthers in the mouth of tlie 
► thrum ^id to bo the ends of corolla and the ends of Ins 
weave 2 ;if threaus ; and I suppose threads. 
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stands in the mouth of the corolla or projects just 
above it, and is thus externally visible. It s^nds 
high above the anthers, which are situated halfway 
down the tube and cannot be easily seen. In the 
short-styfed form the anthers are attached near the 
mouth of the tube, and therefore stand above the 
stigma, which is seated in about the middle of the 
tubular corolla. The corolla itself is of a different 


Fit;. 1. 



^lape in the two forms; the throat or expanded 
portion above the attachment of the anthers being 
much longer in the long-styled than in the short- 
styled form. Village children notice this difference, 
as^fhey can best make necklaces by threading and 
slipping the corollas of the long^tyled flowers into 
one another. But there are much more jmpomnt 
differences. The stigma in the long-styled Arm 
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is globular; in the short-styled it is depressed on 
the summit, so that the longitudinal axis of the 
former is sometimes nearly double that of the latter. 
Although somewhat variable in shape, one difference 
is persistent, namely, in roughness: in some speci- 
mens carefully compared, the papillaa which render 
the stigma rough were in the long-styled form from 
twice to thrice as long as in the short-styled. The 
anthers do not differ in size in the two forms, iwhich 
I mention because this is the case with some Ifctero- 
styled plants. The most remarkable difference is in 
the pollen-grains. I measured with the micrometer 
many specimens, both dry and wot, taken from plants 
growing in different situations, and always found a 
palpable difference. The grains distended with water 
from the short-styled flowers were about ’038 mm. 

of an inch) in diameter, whilst those from the 
long-styled were about *0254 mm. (y^^of an inch), 
which is in the ratio of 100 to 67. The pollen-grains 
therefore from the longer stamens of the short-styled 
form are plainly larger than those from the shorter 
stamens of the long-styled. When examined dry, 
the smaller grains are seen under a low power to 
be more transparent than the larger grains, and 
apparently in a greater degree than can bo ac- 
counted for by their I'ss diameter. There is also a 
difference in shape, the grains from the short-styled 
plants being nearly spherical, those from the long^^ 
styled being oblong with the angles rounded ; this 
difference disappears when the grains are distended 
with water. The long-styled plants generally tend 
to flower a little before the short-styled : for instance, 

1 had twelve plaul^ of each form growing in sepaiite 
potl and treated in every respect alike ; and at the 
time when only a single short-styled plant was in 
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flower, seven of the long-stjled had expanded their 
flowers. 

We shall, also, presently see that the ahort4tyled 
plants produce more seed than the long-styled. It is 
remarkable, according to Prof. Oliver,* that the ovules 
in the unexpanded and unimpregnated flowers of the 
latter are considerably larger than those of the short- 
styled flowers ; and this I suppose is connected with the 
long'^tyled flowers producing fewe:; seeds, so that the 
ovules have more space and nourishment for rapid 
development. 

To sum up the differences : — The long-styled plants 
have a much longer pistil, with a globular and much 
rougher stigma, standing high above the anthers. The 
stametij are short; the grains of pollen smaller and 
oblong in shape. ‘'The upper half of the tube of the 
corolla is more expanded. The number of seeds pro- 
duced is smaller and the ovules larger. The plants 
tend to flower first. 

The short-styled plants have a short pistil, half the 
length of the tube of the corolla, with a smooth de- 
pressed stigma standing beneath the anthers. The 
stamens are long ; the grains of pollen are spherical 
and larger. The tube of the corolla is of uniform 
diameter except close to the upper end. The number 
of seeds produced is larger. 

I have examined a large number of flowers; and 
though the shape of the stigma and the length of the 
pistil both vary, especially in the short-styled form, I 
have never- met with any transitional states between 
the two forms in plants growing Iti a state oS nature. 
There is never the slightest doubt upder which form a ' 
]^ant ought to be classed. The two kinds of flowers are 
r 

‘Nat. Hist. Bavienr,' Jul^lSSS, p. 237.*, 
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never found on the same individual phmt I marked 
many Cowslips and Primroses, and on the following 
year dll retained the same character, as did some in my 
garden which flowered out of their proper season in the 
autumn. Mr. W, Wooler, of Darlington, however, in- 
tbrms us that he htts seen early blossoms on the Folyou- 
• thus,* which were not long-styled, but became so later 
in the season. Possibly in this case the pistils may not 
liave been fully developed during the early spring, 
excellent proof of the permanence of the two tbrm^may 
be seen in nursery-gardens, where choice varieties of 
the Polyanthus are propagated by division ; and I found 
whole beds of several varieties, each consisting exclu- 
sively of the one or the other form. The two forms exist 
in the wild state in about equal numbers : I collected 
.522 umbels from plants growing in several 8tatio;is, 
taking a single umbel from each plant ; and 241 were 
long-styled, and 281 short-styled. No difference in 
tint or size could be perceived in the two great masses 
of flowers. 

We shall presently see that most of the species of 
Primula exist under two analogous forms ; and it may 
be asked what is the meaning of the above-described 
im|jortant differences in their structure? The ques- 
tion seems well worthy of careful investigation, and I 
will give my observations on ,the cowslip in detail. 
The first idea which naturally occurred to me was, 
that this species was tending towards a dioecious , 
condition; that the long-styled plants, with their 
longer pistils, rougher stigmas, and smaller pollen- 
grains, were mote feminine in nature, and would pro- 
duce more Beed;^that the short-styled plants, wkh 
their shorter pistils,^ longer' stamens and larger polV 

* I \»,n pipved by numeiovs that the Polyanthiu is a variety 
es{ierUaeat8,lieKafter tobe given, of Prtmula v«rU, 
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len-grains, were more masculine in nature. Accord- 
ingly, in 1860, 1 marked a few cowslips of both^forms 
growing in my garden, and others growing in an 
open field, and others in a shady wood, and gathered 
and weighed the seed. In all £he lots the short- 
styled plants yielded, contrary to my expectation, most 
seed. Taking the lots together, the following is the 
result : — 

Table 1. 


• 

Number 

of 

PLiats. 

, Number 
of Umbels 

1 produced. 

Number 
;of Capsules 
produced. 

Weight 
of Seed ill 
grains. 

Short-styled cowslips . . , 


33 

199 

83 

Long-styled cowslips . 

13 

51 

261 

91 


If we compare the weight from an equal number of 
plants, and from an equal number of umbels, and from 
an equal number of capsules of the two forms, we get 
the following results 


Table 2. 


! 

'Number 

! of 

1 Plants. 

Weight 
ofde«d 
in ( 
grains. > 

1 ! 

INumber 

of 

Um^ls. 

1 

! 1 

Wel^t 

1 Seed. 

1 

Number 
of Cap- 
sules. 

Weight 
of Seed 

grXs. 

Short-styled cowslips . i 10 
Long-styled cowslips . | 10 

92 

70 

100 

100 ! 
.1 

251 

178 

100 

100 

1 

41 

34 


So that, by all these standards of comparison, the 
short-styled form is the more fertile ; if we take the 
number of umbels (which is the fairest standard, for 
Ifirge and small plants are thus equalised), the short- 
styled plants produce more seed than the long-styled, 
in the proportion of nearly four to three. « 

In 1861 the trial was made in a fuller and fairer 
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manner. A number of wUd plants had been trans- 
plantc)4 during the pievions autumn into a large bed 
m is>^cden« and fidV^raea tseated alike \ tbe result 


bii?Ve beejOSnyillBVSBip^ 

^oellent ptcM>f cxf ikepemanence me rwoioiwmay 
be seen in nursery-gardens, urhexe <dioiC0 , ^ 

the Polyanthus are propagated by division ; and I found 
whole beds of several varieties, each consisting <'xclu- 
Hively of the one or the otlier form. The two forms exist 
in the wild state in about equal numbers : 1 colh^cted 
522 umbels, from plants growing in several stations, 
taking a single umbel from each plant ; and 241 were 
long-styled, and 281 short-styled. No difference in 
tint or size could be perceived in the two great masses 
of flowers. 

We shall presently see ibat most of the species of 
Primula exist under two analogous forms ; and it may 
be asked what is the meaning of the above-described 
im|^rtant differences in their structure? The ques- 
tion seems well worthy of careful investigation, and I 
will give my observations on the cowslip in detail. 
The first idea which naturally occurred to me was, 
that this species was tending towards a dicecious « 
condition ; that the long-styled plants, with their 
longer pistils, rougher stigmas, and smaller pollch- 
grains, were more feminine in nature, and would pro- 
duce more seod;;^tlkit the short-styled plants, wkh 
their shorter pistils, ^longer stamens and larger polt 

* 1 ^Te pipved by nmnerous that the Polyanthui is a variety 
axperiaieats, Hereafter to be given, of Primula eerii. 
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good with some other species of Primula. Conse* 
quenilj my aatlei]^tiou that tiie plants with longer 
pistils, rougher stigmas, shorter stamens mid smallet 
pollen-grains, would prove to be more feminine in 
nature, is exactly the reverse of tHe truth. 

In 1860 a few umbels on some plants of both the 
long-styled and short-styled form, whidi had been 




Jhd, not produce any seed, Ihor^h 

ilised, 






Short-styled cowslips • 
Long-styled cowslips . 


If we compare the weight from an equal number of 
plants, and from an equal number of umbels, and from 
an equal number of capsules of the two formsi we get 
the following results : — 

Tablk d. 


Number ]!p 22 ? i Number Weight I Number YtiSSS 
^ <jr ofChp. 

gmins. I gr£is. 



So .that, by all these standards of comparison, the 
short-styled form is the more fertile ; if we take the 
number of umbels (which is the fairest standard, for 
l|krge and small plants are thus equalised), the short- 
styled plants produce more seed than the long-s^led, 
in the proportion of nearly four to three, t 
In 1861 the trial was made in a fuller anrl fairer 
- - ('2 
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manner. A number of wild plants .had been trans- 
plante,d during the previous autumn into a large bed 
in my garden^ and all were treated alike ; the result 
was — 

* Table 3. 



Number 

of 

Plants. 

Number 

of 

Umbels. 

Weight 
of Seed in 
grains. 

Short-styled cowslips . . 

47 

173 

745 

Long-styled cowslips . 

58 

208 

692 . 


These figures give us the following proportions 
Table 4. 


— 

Number ■ 
of I 

Plants. 

Weight 1 
or Se^ in 1 
grains. | 

Number 

or 

Umbels. 

Weight 
of ijieed In 
grains. 

Short-styled cowslips . . . 

100 

1585 1 

100 

1 

480 

Long-styled cowslips . 

100 

1093 1 

100 

332 


The season was much more favourable this year than 
the last ; the plants also now grew in good soil, instead 
of in a shady wood or struggling with other plants in 
the open field ; consequently the actual produce of 
seed was coiisiderabJy larger. Nevertheless wo have 
the same relative result; for the short-styled plants 
produced more seed tlian the long-styled in nearly the 
proportion of three to two ; but if we take the fairest • 
standard of comparison, namely, the product of seeds 
from an equal number of umbels, the excess is, as in 
the former case, nearly as four to three. 

Looking to these trials made during two successfv^ 
years on a large niunber of plants, we may safely con- 
clude that^the short-styled form is more productive 
than*the long-styled form, and the same result holds 
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good with some other species of Primula. Conse- 
quently my anticipation that the plants with longer 
pistils, rougher stigmas, shorter stamens and smaller 
pollen-grains, would prove to be more feminine in 
nature, is exactly the reverse of the truth. 

In 1860 a few umbels on some plants of both the 
long-styled and short-styled form, which had been 
covered by a net, did not produce any seed, though 
otlier umbels on the same plants, artificially fertilised, 
produced an abundance of seed ; and this fact shows 
that the mere covering in itself was not injurious. 
Accordingly, in 1861, several plants were similarly 
covered just before they expanded their flowers ; these 
turned out as follows : — 


Tabla 5. 



Numl>er 

; Number 




of 

of Umbels 

Product of Seed. 


Plants. 

' produced. 


Short-styled « . • 

6 

24 

fl‘3 grain weight of see.l, 

\ or about 50 in number 

Long-styled . . . 

18 

74 i 

Not one seed. 

<* 


Judging from the exposed plants which grew all round 
in the same bed, and had been treated in the same 
manner, excepting that they had been exposed to 
the visits of insects, the above six short-styled plants 
ought to have produced 92 grains' weight of seed 
instead of only 1*3; and the eighteen long-styled 
plants, which produced not one seed, ought to have 
produced above 200 grains' weight. The production of « 
0 a few seeds by the short-styled plants was probably due 
to the action of Thrips or of some other minute insect. 
It is scao^ely necessary to give any additiqpal efideuce^ 
but I may add that ten pots of polyanthuses and 







22 HETEROSTYLED DIMORPHIC PLANTS. Chap. I. 

cowslips of both forms, protected from insects in my 
greenhouse, did not set one pod, though artificially 
fertilised flowers in other pots produced an abundance. 
We thus see that the visits of insects are absolutely 
necessary for the fertilisation of Primula v&ris. If the 
corolla of the long-styled form had dropped off, in- 
stead of remaining attached in a withered state to 
the ovarium, the anthers attached to the lower part of 
the tube uith some pollen still adhering to them 
would have been dragged over the stigma, anej^the 
flowers would have been partially self-fertilised, as is 
the case with Primula Sinensis through this means. 
It is a rather curious fact that so trifling a difference 
as the falling-off of the withered corolla, should make 
a very great difference in the number of seeds pro- 
duced by a plant if its flowers are not visited by 
insects. 

The flowers of the cowslip and of the other species of 
the genus secrete plenty of nectar ; and I have often 
seen humble-bees, especially J?. hortorum and mtiscortmif 
sucking the former in a proper manner,* though they 
sometimes bite holes through the corolla. No doubt 
moths likewise visit the flowers, as one of my sons 
caught Gueidlia uerbasci in the act. The pollen readily 
adheres to any thin object which is- inserted into a 
flower. The anthers in the one form stand nearly, but 
not exactly, on a level with the stigma of the other ; 
for the distance b(itween the anthers and stigma in tht* 
short-styled form is greater " than that in the long- 
styled, in the ratio of 100 to 90. This difference is 
the result of the anthers in the lorfg-styled form 
standing rather higher in the tube than does thb^^ 
stigma in the short^tyled,' and this favours their" 

* * H. Mil Her lias also seMi An~ sucking the floweraf * Nature,’ 
thophorS pilipes and a Bombylius Dec. 10th» 1874, p. 111. 
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pollen being deposited on it. It follows froin the 
position of the organs that if the proboscis of a 
dead humble-bee, or a thick bristle or rough needle, 
be pushed down the corolla, first of one form and 
then of the other, as an insect would do in Tisiting 
the two forms growing mingled together, pollen from 
the long-stamened form adheres round the base of 
the object, and is left with certainty on the stigma 
of tl^ie long-styled form ; whilst pollen from the short 
stamens of the long-styled form adheres a little way 
above the extremity of the object, and some is 
generally left on the stigma of the other form. In 
accordance with this observation 1 found that the 
two kinds of pollen, which could easily be recog- 
nised under the microscope, adhered in this manner 
to the proboscides of the two species of humble- 
bees and of 4he moth, which were caught visiting 
the flowers; but some small grains were mingled 
with the larger grains round *the base of the proboscis, 
and conversely some large grains with the small 
grains near the extremity of the proboscis. Thus 
pollen will be regularly carried from the one form 
to the other, and they will reciprocally fertilise one 
anothesr Ncverthelera an insect in withdrawing its 
.proboscis from the corolla of the long-styled form 
cannot fail occasionally to leave pollen &om the same 
flower on the stigma; and in this case there might 
^be self-fertilisation. But this will be much more 
likely to occnr with the short-styled form ; for when I 
inserted a bristle or other such object into the corolla 
o^ this form, and had, therefore^ to pass it down be- 
tween the anthers seatq^ round the mouth of the 
corolla, some pollen was almoA invariably carried 
down and left on the stigma. Minute iRseot^ such • 
as Thrips, which sometimes haunt the flowers, %'ould 
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lilAwiae be apt to cause the self-fertiliMtion of both 
fecms. 

The seTexal foregoihg facts led me to try the effects 
<of the two kinds of pollen on the stigmas of the 
two forms. Four essentially different unions are po8> 
sible; namely, the fertilisation of the stigma of the 
long-styled form by its own-form pollen, and by that 
of the short-styled ; and the stigma of the short-styled 
form by ife own-form pollen, and by that of the Jong- 
styled. The fertilisation of either form with pollen from 
the other form may be conveniently called a legUitmte 
imion, from reasons hereafter to be made clear ; and tliat 
of either form with its own-form pollen an ^legitimate 
union. I formerly applied the term “ heteromoTph\5 ” 
to the legitimate unions, and “ homomorphic ” to die 
illegitimate unions; but after discovering the exist- 
ence of tiimorphic plants, in which many mote unions 
are possible, these two terms ceased to Im applicable. 
The illegitimate unions of both forms might have been 
tried in three ways ; for a flower of either form may be 
fertilised with pollen from the" same flower, or with that 
&om another Ibwer on the same ^lant, or with that 
from a distinct plant of the same form. But to make 
my experiments perfectly fair, and to avoid any evil 
result &om self-fertilisation or too close interbreeding, , 
I have invariably employed pollen from a distinct 
plant of the same form for the illegitimate unions of 
all the species ; and therefore it may 1m observed th^ * 
1 have used the term “ own-form pollen ” in speaking 
of such unions. The several plants in all my eximri- 
ments were treated in exactly the same manner, and 
were carefully protected by ^e nets from the access of 
insects, excepting Thrips, which it is impossible to ex- 
• elude. * I p^ormed all the manipulations myself, and 
weighed the seeds in a chemical balance ; but during 
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many subsequent trials I followed tjie m<ne accurate 
plan of counting the seeds. Some of the capsules con> 
tained no seeds, or only two or three, and these ate 
excluded in the aumn headed "good capsules” in 
several of the following tables : — 


Table 6. 
Primula veris. 


• 

• 

Nature of ttie Union. 

Number 

of 

Flowers 

fertilised. 

Total 

Number 

of 

GbP<«i 

1 produced. , 

Number 
of good 
Capsules. 

1 

Weight 
of Seed In I 
grains. 

Calculated 
Weight of 
Seedftom 
100 good 
Capsules. 

by ;'ollen|| 

gitimotL union . .j 

i 

14 

1 

8-8 

62 

jLont'-stylec bv owa-j; 
form poHon, Illc- }1 20 

umav^ anion . . , j 

8 

5 

2-1 

42 

Short'Styled by pollen 
of iong-styled. le- 
gitimate union . . 

* 13 

12 

1 ” 

4*9 

44 

Short-styled by own-j 
form pollen. llle-| 
gitimatc union. . | 



6 

1-8 

30 

Summary' : 

The two legitimate! 
unions . . . ,/ 

i 

! 35 

27 

! 2a5 

13*7 

54 

The two illegitimate! 
uni >ns . . . . / 

35 

1 

16 

11 

3-9 

35 


'’N^he results may be given in another form (Table 7) 
by bc»mparing, first, the number of capsules, whether 
gojfd V,; bad, or of the good alone, produced by 100 
flewers dSI,^th forms when legitimately and illegiti* 
mately ferfl^h^ ; secondly, by cemparing the weight 
of seed in lOvi^ these capsules, whether gepd or*bs^ ; 
or, thirdly, in llg^of the good capsules. 
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Table 7. 


Nature of the 
Union. 

Nunibor 

of 

Flowers 

fer- 

tilised. 

Number 

of 

Cap- 

sules. 

Number 
of good 
Cap- 
sules. 

Weight 
of Seed 
In 

grains. , 

1 

Number 

of 

Cap. 

sulcs. 

Weight 
of Seed 
in 

groins. 

Number 
of good 
Cap- 
sules. 

Weight 

ofS^ 

In 

grains. 

The two le-j 
gitimatei 
unions . 1 

100 

1 

77 ' 71 

1 

39 ' 

m 

100 

54 

The two il- 
legitimate 
unions . 

1 ! 

i 100 1 45 31 1 11 

1 ' 1 

100 24 

1 

100 35 

/i 


Wo liere see that tlie long-styled flowers fertilised 
with pollen from the short-styled yield more capsules, 
especially good ones (i.e. containing more than one 
or two seeds), and that these capsules contain a greater 
proportional weight of seeds than do the flowers of the 
long-styled when fertilised with ptdlen from a distinct 
plant of the same fonn. So it is with the short-styled 
flowers, if treated in an analogous manner. Therefore 1 
have called the former method of fertilisation a legiti- 
mate union, and the latter, as it fails to yield the full 
complement of capsules and seeds, an illegitimate 
union. These two kinds of union are graphically re- 
presented in Fig. 2. 

If we consider tlie results of the two legitimate 
unions taken together and the two illegitimate ones, 
as shown in Table 7, we see that the former c<jm- 
pared with the latter yielded capsules, whether c^ 
taining many seeds or only a few, in the proportion of 
77 to 45, or as 100 to 58. But the inferiority of the 
illegitimate unions is here perhaps too great, for on a 
subsequent occasion T.00 long-styled and short-styW 
flowers were illegitimately fertilised, and they together 
yielded 53 capsules ; therefore the rate of 77 to 53, or 
as 100 to 69, is a fairer one than that of 100 to 58. 
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Betnrning to Table 7, if we consider only the good 
capsules, those from the two legitimate unions weie to 
' those from the two illegitimate in number, as 71 to 31, 
or as 100 to 44. Again, if we take an equal number of 
capsirlesy whether good or bad, &om the legitimately 
and illegitimately fertilised flowers, we find that the 
former contained seeds by weight compared with the 
latter as 50 to 24, or as 100 to 4§ ; but if all the 

*. Fig. 2. 

Legitimate union. 

Complete fertility. 



liungHityled Short<BtyIed 

form. ibrm. 


poor capsules are rejected, of which many were .pro- 
duced by the illegitimately fertilised flowers, the propor- 
tion is 54 to 35, or as 100 to 65. In this and all other 
caai», the relative fertility of the two kinds of union 
can, I think, be judged of more ti»ly by the average 
number of seeds per capsule than by the proportieu of 
flowers which yield capsules. The two methods might 
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have been combined by giving the average number of 
seeds produced by all the flowers which were fertilised, 
whether they yielded capsules or not; but I have 
thought that it would be more instructive always to 
show separately the proportion of flowers which pro- 
duced capsules, and ^e average number of apparently 
good seeds which the capsules contained. 

Flowers legitiniately fertilised set seeds under con- 
ditions which cause the almost complete failure of 
illegitimately fertilised flowers. Thus in the spring of 
1862 forty flowers were fertilised at the same time in 
both ways. The plants were accidentally exposed in 
the greenhouse to too hot a sun, and a large number ‘ 
of umbels perished. Some, however, remained in mo- 
derately good health, and on these there were twelve 
flowers which had been fertilised legitimately, and 
eleven which had been fertilised illegitimately. The 
twelve legitimate unions yielded seven fine capsules, 
containing on an average each 57 • 3 good seeds ; whilst 
the eleven illegitimate unions yielded only two cap- 
sules, of which one contained 39 seeds, but so poor, 
that I do not suppose one would have germinated, and 
the other contained 17 fairly good seeds. 

Prom the facts now given the superiority of a legi- 
timate over an illegitimate union admits of not the 
least doubt; and we have here a case to which no 
parallel exists in the vegetable or, indeed, in the 
animal kingdom. The individual plants of the pre- 
sent species, and as we shall see of several other 
species of Primula, are divided into two sets or 
bodies, which cannot be called distinct sexes^ for 
both are hermaphibdites ; yet they are to a certain 
extent sexually distinct, for they require reciprocal 
union fop perfect fertility. As quadrupeds are di- 
vicled into two nearly equal bodies of different sexes. 
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SO here we have two bodies^ approximately equal iu 
number^ differing in their sexual powers and related to 
each other like males and females. There are m^ny 
hermaphrodite animals which cannot fertilise them- 
selves, but must unite with another hermaphrodite. 
So it is with numerous plants ; for the pollen is often 
mature and shed, or is mechanically protruded, before 
the flower’s own stigma is ready ; and such flowers ab- 
solutely require the presence of another hermaphro-« 
dite forijcxual union. But with the cowslip and various 
other species of Primula tlierc is this wide difference, 
that one individual, though it can fertilise itself im- 
perfectly, must unite with another individual for full 
fertility ; it cannot, however, unite with any other in- 
dividual in the same manner as an hermaphrodite 
plant can unite with any other one of the same species ; 
or as one snail or earth-worm can unite with any other 
hermaphrodite individual. On the contrary, an indi- 
vidual belonging to one form of the cowslip in order 
to be perfectly fertile must unite with one of the other 
form, just as a male quadruped must and can unit(3 
only with the female. 

I have spoken of the legitimate unions as being 
fully fertile ; and f am fully justified in doing so, for 
flowers artificially fertilised in this manner yielded 
rather more seeds than plants naturally fertilised in 
a state of nature. The excess may be attributed to 
the plants having been grown separately in good soil. 
With res])ect to the illegitimate unions, we shall best 
appreciate their degree of lessened fertility by the 
following facts. Gartner estimated the sterility of the 
anjons between distinct species,* •in a manner which 
illows of a strict comparison with^the results of the 

• * Vcrsuche ubei die Bostarderzeaguag/ 1849, p. 216. • 
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legitimate and illegitimate unions of Primula. With 
P. verisy for every 100 seeds yielded by the two le- 
gitimate unions, only 64 were yielded by an equal 
number of good capsules from the two illegitimate 
unions. With P. SinendSy as we shall hereafter see, 
the proportion was nearly the same — namely, as 100 
to 62. Now Gartner has shown that, on the calcula- 
tion of Verhascum lychnitia yielding with its own pollen 
100 seeds, it yielded when fertilised by the pollen of 
F. Phmic&am 90 seeds; by the pollen of V.fiigrum, 
63 seeds ; by that of F. hlattaria^ 62 seeds. So again, 
J)ianihu3 barbatua fertilised by the pollen of D. auperbua 
yielded 81 seeds, and by the pollen^of D. Japonima 
66 seeds, relatively to the 100 seeds produced by its 
own pollen. We thus see — and the fact is highly re- 
markable — that with Primula the illegitimat(3 unions 
relatively to the legitimate are more sterile than 
crosses between distinct species of other genera rela- 
tively to their pure unions. Mr. Scott has given* a 
still more striking illustration of the same fact: he 
crossed Primula auricula with pollen of four other 
species (P. PdinvHy viseoaUy hirautay and veriieiUata)y 
and these hybrid unions yielded a larger average 
number of seeds than did P. awricula when fertilised 
illegitimately with its own-form pollen. 

The benefit which heterostyled dimorphic plants de- 
rive from the existence of the two forms is sufSciently 
obvious, namely, the intercrossing of distinct plants 
being thus ensured.f Nothing can be better adapted 
for this end than the relative positions of the angers 
and stigmas in the two forms, as shown in Fig. 2 ; but to 

* * Journ. Linn. Soc. Bot.,’ vol. feitilisatioti ' how greatly the off- 
Tiii. 1664, p. spring from interorossra plants 

t 1 have %hown in my work profit in height, vigour, and 
on tfle * Effects of Oroi^s and Self- fertility. 
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this whole subject I shall recur« No doubt pollen will 
occasionally be placed by insects or fall on the stigma 
of the same flower ; and if cross-fertilisation fails, such 
self-fertilisation will be advantageous to the plant, as 
it will thus be saved from complete barrenness. But 
the advantage is not so great as might at first be 
thought, for the seedlings from illegitimate unions do 
not generally consist of both forms, but all belong to 
the parent form ; they are, moreover, in some degree^ 
weaklyMn constitution, as will be shown in a future 
chapter. If, however, a flower’s own pollen should first 
be placed by insects or fall on the stigma, it by no 
means follows that cross-fertilisation will be thus pre- 
vented. It is well known that if pollen from a distinct 
species be placed on the stigma of a plant, and some 
hours afterwards its own pollen be placed on it, the 
latter will be prepotent and will quite obliterate any 
effect from the foreign pollen ; and there can hardly 
Ik) a doubt •that with heterostyled dimorphic plants, 
pollen from the other form will obliterate the effects of 
pollen from the same form, even when this has been 
placed on the stigma a considerable time before. To 
test this belief, 1 placed on several stigmas of a long- 
styled cowslip plenty of pollen from the same plant, 
and after twenty-four hours added some from a short- 
styled dark-red polyanthus, which is a variety of the 
cowslip. From the flowers thus treated 30 seedlings 
were raised, and all these, without exception, bore 
reddish flowers ; so that the effect of pollen from the 
same form, though placed on the stigmas twenty-four 
hours previously, was quit^ destroyed by that of pollen 
fropf a plant belonging to the othe( form. 

Finally, 1 may remark that of« the four kinds of 
unions, that of the short-styled illegitimately^fertiKsed 
with ifd own-form pollen seems to be the most sterile of 



32 ' HETEBOSTYLED DIMOBPHIC PLANTS. Ciup. L 


all, as judged by the ayeiage number of seeds, which 
the capsules contained. A smaller proportion, also, of 
these seeds ♦ban *of the others germinated, and they 
germinated more slowly. The sterility of this union is 
^e more remarkable, as it has already been shown 
that the shor^tyled plants yield a larger number of 
seeds than the long-styled, when both forms are fer- 
tilised, either naturally or artificially, in a legitimate 
manner. 

In a future chapter, when I treat of the ofspring 
from heterostyled dimorphic and trimorphic plants 
illegitimately fertilised with thoir own-form pollen, 1 
ahftll have occasion to show that with the present 
species and several others, equal-styled varieties some- 
times appear. 


Pbimula elatior, Jacq. 

Bardfield Oodip of Ewjlish Author», 

This plant, as well as the last or Cowslip (P. »cm, 
vel offiemedis), and the Primrose (P. mdgaria, vel aeaulis) 
have been considered by some botanists as varieties of 
the same species. Bui they are all three undoubtedly 
distinct, as ivill be shown in the next chapter. The 
present species resembles to a certain extent in general 
appearance the common oxlip, which is a hybrid be- 
tween the cowslip and primrose. Primula daiwr is 
found in England only in two or three of the eastern 
counties ; and I was supplied with living plants by Mr. 
Doubleday, who, as 1 believe, first called attention to 
its existence in England. It is common in some parts 
of the Continent; and H. Muller* has seen several 
kinds of humble-bees and other bees, and Bombylkis, 
visitihg the flowet^in North Germany. 

• r 


* * Dio Befiuolituug dor Blumon/ p. 347. 
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The results of my trials on the relative fertility of 
the two forms, when legitimately and illegitimately 
fertilised, dre given in the following table : — 


Tablx 8, 
Primula elatior. 


Nature of Union* 

Number 

of 

Flowers 

fertilised. 

Number 
of good 
Capsules 
pniduci'd. 

Maximum 
of Seeds 
in any one 
Capsule. 

Minimum 
of Seeds 
in any one 
Capsule. 

Average 
Number of 
Seeds per 
Capsize. 

Long-t^led form, byj 
pollen of ehort-styled. > 
Legitimate union • ) 

10 

6 

62 

34 

46'5 

Long-styled form, byj 
own-form pollen* li-| 
legitin^ate union « . ) 

20 

n 

49* 

2 

27*r 

Short-Rtyled form, byj 
pollen of long-styled.) 
Legitimate union . ) 

I 10 

1 

8 

61 

37 

47-7 

1 

Short-styled form, by | 
own-form pollen. 11- > 
legitimate union. .) 

.1 17 

i 

3 

19 

1 

9 


The two legitimate! 
unions together » ./ 

i 

20 

14 

62 

37 ) 

47-1 

The two illegitimate! 
unions together . . / 

37 

1 1 

B 

49* 

2 

35-5 


* Thefle bceds were ao poor and small that tbey could bardly liave germinatied. 


If we compare the fertility of ^e two legitimate 
unions taken together with that of the two illegitimate 
unions together, as judged -by ^e proportional number 
of flowers which when fertilised in the two methods 
yielded capsules, the ratio is as 100 to 27 ; so.that by 
tl)^ standard the present species is much more sterile 
lhan.P. «em, when both species are illegitimately fer- 
tilised. If we judge of the relative fertility of the two 
kinds of unions by the average number of sedds per 
capsule, the ratio is as 100 to 75. But this latter 

D 
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number is probably much too high, as many of the seeds 
produced by the illegitimately fertilised long-styled 
flowers were so small that they probably would not 
haye germinated, and ought not to have been counted. 
Several long-styled and short-styled plants were 4 ) 10 - 
tected from the access of insects, and must have been 
spontaneously self-fertib’sed. They yielded altogether 
only six capsules, containing any seeds; and their 
average number was only 7*8 per capsule. Some, 
moreover, of these seeds were so small that thej/could 
hardly have germinated. 

Herr W. Breitenbach informs me that he examined, 
in two sites near the Lippe (a tributary of the Ehine), 
894 flowers produced by 198 plants of this species ; and 
he found 467 of these flowers to be long-styled, 411 
short-styled, and 16 equal-styled. I have hoard of no 
other instance with heterostyled plants of equal-styled 
flowers appearing in a state of natui^, though far from 
rare with plants which have been long cultivated. It 
is still more remarkable that in eighteen eases the 
same plant produced lioth long-styled and short-styled, 
or long-styled and e<jual- 8 tyled flowers; and in two 
out of the eighteen cases, long-styled, short-styled, and 
equal-styled flowers. The long-styled flowers greatly 
preponderated on these eighteen plants, — 61 consisting 
of this form, 15 of equal-styled, and 9 of the short- 
styled form. 

Primula vulgaris (var, ctcaidis, Linn.), 

The Primroee 0/ English Writers, 

Mr. J. Scott exaimned 100 plants growing necAr 
Edinburgh, and foufld 44 to be long-styled, and 56 
• short-slyleck; and I took by chance 79 plants in Kent, 
of wSich 89 were long-styled and 40 short-styled ; so 
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that the two lots together consisted of 83 long-styled 
and 96 short-styled plants. In the long-styled form 
the pistil is to that of the short-styled in length, from 
an average of five measurements, as 100 to 51. The 
stigma in the long-styled form is conspicuously more 
globose and much more papillose than in the short- 
styled, in which latter it is depressed on the summit ; 

Fig. 3. 


f 


f 

Outlines of pollcn>gi iins of Ptimula oulgarts, distended with water, much 
ni ignihed ind dr<iwn under the camera lucida. The upper and smaller 
grains horn the long-^tjled form; the lowei and larger giains from 
the bhort-stylcd. 

it is equally broad in the two forms. In both it stands 
nearly, but not exactly, on a level with the anthers of 
the opposite form ; for it was found, from an average 
of 15 measurements, that the distance between the 
middle of the stigma and the middle of the anthers 
in the short-styled form is to that* in the long-styled 
as 100 to 93. The anthers do not differ in ftize in the 
two forms. The pollen-grains from the short-st/led 

D 2 
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flowers before they were soaked in water were decidedly 
broader, in proportion to their length, than those from 
the long-styled ; after being soaked they were relatively 
to those from the long-styled as 100 to 71 in diameter, 
and more transparent. A largo number of flowers from 
the two forms were compared, and 12 of the finest 
flowers from each lot were measured, but there was no 
sensible difierence between them in size. Nine long- 
styled and eight short-styled plants growing together in 
a state of nature were marked, and their capsufes col- 
lected after they had been naturally fertilised; and 
the seeds from the short-styled weighed exactly twice 
as much as those from an equal number of long-styled 
plants. So that the primrose resembles the cowslip in 
the short-styled plants, being the more productive of 
the two forms. The results of my trials on the fer- 
tility of the two forms, when legitimately and illegi- 
timately fertilised, are given in Table 9. 

We may infer from this table that the fertility of the 
two legitimate unions taken together is to that of the 
two illegitimate unions together, as judged by the pro- 
portional number of flowers which when fertilised in 
the two methods yielded capsules, as 100 to 60. If we 
judge by the average number of seeds per capsule pro- 
duced by the two kinds of unions, the ratio is as 100 
to 54 ; but this latter figure is perhaps rather too low. 
It is surprising how rarely insects can be seen during the 
day visiting the flowers, but I have occasionally observed 
small kinds of bees at work ; 1 suppose, therefore, that 
they are commonly fertilised by nocturnal Lepidoptera. 
The long-styled plants when protected from insects 
yield a considerable number of capsules, and they thus 
differ remarkably ftom the same form of the cowslip, 
which is quite sterile under the same circumstances. 
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Table 9. 

Primida vulgaris. 


Kature of Union. 

Number ! 

of 1 
Flowers 1 
fertilised. 

1 

Number 
of good 
Capsules 
produced. 

Naxlmum , 
Number 
of Seeds In 
any one 
Capsule. 

Sflnlmnm 
Number 
of Seeds 
in any one 
Capsule. 

Average 
Number of 
Seeds per 
Capsule. 

Long-styled form, by pol- 
len from short-styled. 
Legitimate union . • 

— 

Long sMed form, by| 
own-{>rm pollen. 11- > 
legitimate union . . ) 

12 

11 

77 

47 

66-9 

21 , 14 j 66 

' 

30 j 

1 

52-2 


Short-styled form, by 

pollen from long-$tylod. 48 65 ‘0 

Legitimate union . 


Short-styled form, by 
own-form pollen. Il- 
legitimate union . . 

18 


43 


18 - 8 * 

The two legitimate'll 
unions together . 

20 i 

1 

18 

77 

47 

1 66*0 

1 

The two illegitimate'll 
unions together • . /| 

i 

39 

' 

66 

5 

i 35*5* 

1 

1 


• This average Is perhaps rather too low. 


this form contained, on an average, 19*2 seeds. The 
short-styled plants produced fewer spontaneously self- 
fertilised capsules, and fourteen of them contained only 
6*2 seeds per capsule. The self-fertilisation of both forms 
was probably aided by Thrips, which aboimded within 
the flowers ; but these minute insects could not have 
placed nearly sulScient pollen on the stigmas, as the 
spontaneously self-fertilised capsules contained much 
fe^er seeds, on an average, than those (as may be seen 
In Table 9) which were artificially fertilised with their 
own-form pollen. But this diffeience may perhaps be 
attributed in part to the flowers in the table diaving 
been fertilised with pollen from a distinct plaitt be* 
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longing to the same form; whilst those which were 
spontaneously self-fertilised no doubt generally received 
their own pollen. In a future part of this volume some 
observations will be given on the fertility of a led- 
colonied variety of tho primrose. 

Pbimula Sinensis. 

In tho long-styled form the pistil’is about twice as 
long as that of the short-styled, and the stamens differ 
in a corresponding, but reversed, manner. The stigma 
is considerably more elongated and rougher than that 
of the short-styled, which is smooth and almost 
spherical, being somewhat depressed on tho summit ; 
but the stigma varies much in all its characters, the 
result, probably, of cultivation. The pollen-grains of 
the short-styled form, according to Hildebrand,* are 
7 divisions of the micrometer in length and 5 in 
breadth; whereas thefle of the long-styled ore only 
4 in length and 3 in bretidth. The grains, there- 
fore, of the short-styled are to those of the long- 
styled in length as 100 to 57. Hildebrand also re- 
marked, as I had done in the case of P. verts, that the 
smaller grains from the long-styled are much more 
transparent than the larger ones from the short-styled 
form. We shall hereafter see that this cultivated 
plant varies much in its dimorphic condition and is 
often equal-styled. Some individuals may be said to 
be sub-heterostyled ; thus in two white-flowered plants 
the pistil projected above the stamens, but in one of them 

• ’ ( 

* After pie appeatnnee of my that I erred neatly about the 
p^mtbie author pnblishetf eome shse of the pwen-graine in the 
escwleni obsenrations on the two fimne. I enppoee ftat 
present species (*Bot. Zeitnng,’ mistake I measnrra twice over 
Jan. I, I864X and he diows pollea-grains from the same form 
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it was longer and had a more elongated and rongher 
stigma, than in the other; and the pollen-grains from 
the latter were to those from the plant with a more 
elongated pistil only as 100 to 88 in diameter, instead 
of as 100 to 57. The corolla of the long-styled and 
short-styled form differs in shape, in the same manner 
os in P. vens. The long-styled plants tend to flower 
( before the short-styled. When both forms were legiti- 
mately fertilised, the capsules from the short-styled 
plant!| contained, on an average, more seeds than those 
from the long-styled, in the ratio of 12*2 to 9'3 by 
weight, that is, as 100 to 78. In the following table 
we have the results of two sets of experiments tried 
at different periods. 

Table 10. 

Primula Sinensis. 


• Number 

Nature of Union. j 

1 fertilised. 

1 

Number 
of good 
Cajtoules 
produced. 

Average 
Weight of 
Seeds per 
CapsQle. 

Avenge Number 
of ^ds per 
Capsule, as 
ascertained on a 
subsequent 

1 occasion 

Long-styled form, by pollen 
of short-styled. Legiti- 
mate union .... 

24 

16 

0-58 

50 

Long«styled form, by own- 
form pollen. Illegiti- 
mate union .... 

: 20 

1 

is 

0-45 

35 

Short-styled form, by pol- 
len of long-styled. Le- 
gitimate onion . . . J 

j 8 

1 

' ^ 

D 

64 

Short-styled form, bv own- 
form pollen. Illegiti- 
mate union .... 

1 ’ 

! 

n 

0*23 

25 

— — - - — -J 

tlie two legitimate nnionsi . ^2 

together fj 

a 

B 

57 

The two illegitimate unions! ' ^7 

together /, 

^ 1 

17 

0*40 % 

•30 

e 
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The fertility, therefore, of the two legitimate unions 
together to that of the two illegitimate unions, as judged 
by the proportional number of flowers which yielded 
capsules, is as 100 to 84. Judging by the arerage 
weight of seeds per capsule produced by the two kinds 
of unions, the ratio is as 100 to 63. On another occa* 
sion a large number of flowers of both forms were 
fertilised in the same manner, but no account of their , 
nmnber wt& kept. The seeds, however, were carefully 
counted, and the averages are shown in the righ^-hand 
column. The ratio for the number of seeds prodiiced 
by the two legitimate compared with the two illegiti* 
mate unions is hero 100 to 53, which is probably more 
accurate than the foregoing one of 100 to 63. 

Hildebrand in the paper above referred to gives the 
results of his experiments on the present species ; and 
these are shown in a condensed form in the following 
table (11). Besides using for the illegitimate unions 
pollen from a distinct plant of the same form, as was 
always done by me, he tried, in addition, the effects of 
the plant’s own pollen. He counted the seeds. 

It is remarkable that here all the flowers which 
were fertilised legitimately, as well as those fertilised 
illegitimately with pollen from a distinct plant be- 
longing to the same form, yielded capsules ; and from 
this fact it might be inferred that the two forms were 
reciprocally much more fertile in his case than in 
mine. But his illegitimately fertilised capsules &om 
both forms contained fewer seeds relatively to the 
legitimately fertilised capsules than in my experi- 
ments; for the ratio in his case is as 42 to 100, 
instead of, as in mine, as 53 to 100. Fertility is k 
very variable element with most plants, being deter- 
minedaby tijp conditions to which they are subjected, of 
which feet I have observed striking instances with Ae 
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Tabib 11. 

Primula Sinetuis (from EUd^an^. 


Natare of Union. 

Number 

of 

Flowers 

fertilised. 

Number 
of good 
Capsules 
produced. 

Aven^ 
Number of 
Seeds per 
Capsuto. 

Long-styled form, by pollen of Bhort-l 
styled. Legitimate union , ' . . 

14 

14 

41 

Long-styled form, by own-form pollen, fi*oml 
a distmet plant. Illegitimate union . / 

26 

26 

18 

Long-styled form, by pollen from samel 
flower. Illegitimate union. • . ./ 

27 

21 

17 

Short-styled ^orm, by pollen of long-l 
styled. Legitimate union . . • . j 

Short'Styled form, by own-form pollen, 1 
from a distinct plant. Illegitimate union / 

14 

14 

44 

16 

16 

20 

Short-styled, by pollen from tho samel 
flower. Illegitimate union. • . ./ 

21 

11 

8 

The two legitimate unions together . • 

28 

28 

i 43 

The two illegitimate unions together! 
(own-form pollen) / 

42 

42 

18 

The two illegitimate unions together (pol-1 
len from the same flower) . . . ./ 

48 

32 

13 

1 


{>reseot species ; and this may account for the differ- 
ence between my results and those of Hildebrand. His 
plants were kept in a room, and perhaps were grown in 
too sn^all pots or under some other unfavourable condi- 
tions, for his capsules in almost every case contained a 
nmftliftr number of seeds than mine, as may be seen 
by, comparing the right-hand columns in Tables 10 

aid 11. • 

The most interesting point in fiildebnmd’s experi- 
ments is the difference in the effects of ^gitimate 
fertUisatioii with a flower’s own poUen, and with\hat 
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from a distinct plant of the same fonn. In the latter 
case all the flowers produced capsules, whilst only 67 
out of 100 of those fertilised with their own pollen pro- 
duced capsules. The self-fertilised capsules also con- 
tained seeds, as compared with capsules from flowers 
fertilised with pollen from a distinct plant of the same 
form, in the ratio of 72 to 100. 

In order to ascertain how far the present species was 
spontaneously self-fertile, five long-styled plants were 
protected by me from insects ; and they bore |ip to a 
given period 147 flowers which set 62 capsules ; but 
many of these soon fell oflj showing that they had not 
been properly fertilised. At the same time five short- 
styled plants were similarly treated, and they bore 116 
flowers which ultimately produced only seven capsules. 
On another occasion 13 protected long-styled plants 
yielded by weight 25*9 grains of spontaneously self- 
fertilised seeds. At the same time seven protected 
short-styled plants yielded only half-a-grain weight of 
seeds. Therefore the long-styled plants yielded nearly 
24 times as many spontaneously self-fertilised seeds as 
did the same number of short-styled plants. The chief 
cause of this great difference appears to be, that when 
the corolla of a long-styled plant falls off, the anthers, 
from being situated near the bottom of the tube are 
necessarily dragged over the stigma and leave pollen 
on it, as 1 saw when I hastened the fall of nearly 
withered flowers ; whereas in the short-styled flowers, 
the stamens are seated at the mouth of the corolla, 
and in falling off do not brush over the lowly-seated 
stigmas. Hildebrand likewise protected some long- 
styled and short-styl^ plants, but neither ever yielded 
a single capsule. He thinks that the difference in onr 
xesnltfi may be accounted for by his plants having 
beeil kept in a room and never having been shaken ; 
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but this explanation seems to me doubtful ; his plants 
were in a less fertile condition than mine, as shown by 
the difference in the number of seeds produced, and 
it is highly probable that their lessened fertility would 
have interfered with especial force with their capacity 
for producing self-fertilised seeds. 


Primula aubioula.* 

This snccies is heterostyled^ like the preceding ones; but* 
amongst llio varieties distributed by florists the long-styled form 
is rare, as it is not valued. There is a much greater relative in- 
equality in the length of the pistil and stamens in the two forms 
of the auricula than in the cowslip ; the pistil in the long-styled 
being nearly four times as long as that in the short-styled, in 
which it is toely longer than the ovarium. The stigma is nearly 
of the same shape in both forms, but is rougher in the long-styled, 
though the difference is not so great as l^tweeu the two forms 
of the cowslip. In the long-styled plants the stamens are very 
short, rising but little above the ovarium. The pollen-grains of 
these short stamens, when distended with water, were barely^^ 
of an inch in diameter, whereas those from the long stamens of 
the short-styled plants werei barely showing a relative dif- 
ference of about 71 to 100. The smaller grains of the long- 
styled plant are also much more transparent, and before disten- 
tion with water more triangular in outline than those of the 
other form. Mr. Scott t compared ten plants of both fonns grow- 
ing nndcr similar conations, and found that, although the long- 
styled plant produced more umbels and more capsules than the 
short-af yled, yet they yielded fewer seeds, in the ratio of 66 to 
100. Throe short-styled plants were protected by me fix)m the 


* Adoording to Eemer our gar- 
denaurioulas are descended fromP. 
pubesoens, Jaoq., which is a hybrid 
Detween the true P. auricula and 


hirhda. This hybrid has now been 
propagated for about 300 years, 
and prodooes, when legitimately 
fertOued, a large number of seeds ; 
the long-styled forms yielding an 
ayerage number of 73, and the 


short-Btyled 98 seeds per oapenle ; 
see his *‘Gesohiohte Aunkel,’' 
* Zeitsehr. des Deutsohen nnd Oesi 


AlpeD-Veimns,' Band vL p. 52. 
Also ' dleFrimulaceen-Bas&rten,* 
* Oesi Bot. Zeitsdlmft,’ 1835, Nos. 
3, 4, and 5. V 
t * Journ. Linn. Bot.* voL 
viii. 1864, p. 88. ^ 
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access of insects, and they did not produce a single seed. Mr. 
Scott protected six plants of both forms, and found them ex* 
cessiyely sterile. The pistil of the long-styled form stands so 
hightiboye the anthers, that it is scarcely possible that pollen 
should reach the stigma without some aid; and one of Mr. 
Scott's long-styled plants which yielded a few seeds (only 18 in 
number) was infested by aphides, and he does not doubt that 
these had imperfectly fertilised it. 

I tried a few experiments by reciprocally fertilising the two 
forms in the same manner as before but my plants were un- 
healthy, so I will give, in a condeT^sed form, the 1 38Ults of Mr. 
Scott's experiments. For fuller particulars with resp^fst to this 
and the five following species, the paper lately referred to may 
be consulted. In each case the fertility of the two legitimate 
unions, taken together, is compared with that of the two ille- 
gitimate unions together, by the same t' o standards as l)cforo, 
namely, by the proportional number of flowers which pro- 
duced good cai)sules, and by the average number of seeds per 
capsule. The fertility of the legitimate unionb always take?! 
at 100. 

By the first standard, t’ fertility thb ”'o legitimate unions 
of the auricula is fo that of the two illegitimate unions as 100 
to 80; and by the second standard as 100 to 15. 

PaimiLA SiKKIMENSIS. 

According to Mr. Scott, the pistil of the long-styled form is 
fully four times as long os that of the short-styl^, but their 
stigmas are nearly alike ir shape and roughness. The stamens 
do not differ so much in relative length as the pistils. The pollen- 
grains differ in a marked manner in the two forms; ** those of 
the long-styled plants are sharply triquetrous, smaller, and more 
transparent than those of the short-siyled, which are of a bluntly 
triangular form.” The fertility of the two legitimate unions to 
that of the two illegitimate unions is by the first standard as 
100 to 95, and by the second standard as 100 to 31. 

PmifUIiA GOBTUSOZDBS. 

The pistiWof the long-styled form is about thrice os long as 
that of the^short-styled, the stigma being double as long and 
oov&ed with much longer papilkd. The poUen-grains of the short* 
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styled form are, as usual, " larger, less transparent, and more 
bluntly triangular than those from the long-styled plants/’ The 
fertility of the two legitimate unions to that of the two ille- 
gitimate unions is by the first standard as 100 to 74, and by 
the second standard as 100 to 66. 

Pbimula inyolugbata. 

The pistil of the long-styled fonn is about thrice as long as 
tliat of the short-styled ; the stigma of the former is globular 
and ’'^ly iMjset with papillae, whilst that of the short-styled ' 
i and depressed on the apex. The pollen-grains of the 

twe forms differ in size and tranrparency as before, but not in 
shajjo I'lie fertility o^ the ^^o legitimate to that of the two 
’’ iiimat'' is !>; the to itandard as 100 to 72; and by 

•1(1 a. J J as 100 to 47. 


Pr»MUIiA FAKIKOSA. 

Ai . 1 ‘diiir to Sec^tt '' pistil of the long-styled form is 
' as long as x -'t of the short-style^* The 
,s ’ e i o L*ms differ bu litti hi shape. The pollen- 
differ in 1 1 10 usual manner in size, but not in form. The 
fertility of the two legitimate to that of the two illegitimate 
muons is by the first standard as 100 to 71, and by the second 
standard as 100 to 44. 

Summary on the foregoing hetexostyled species of Pri- 
mvla , — The fertility of the long and short-styled plants 
of the above species of Primula, when tho two forms 
arc fertilised legitimately, and illegitimately with 
pollen of the same form taken from a distinct plant, 
has now been given. The results are seen in tho fol- 
low ing table; the fertility being judged by two 
Stoddards, namely, by that of the proportional number 
of flowers which yielded capsules* and by that of the 
average number of seeds per capsule. %But for full 
accuracy many more observations, under viried tondi- 
tions, would be requisite* • 
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Table 12. 


Summary on the Fertility of the two Legitimate Uniont, compared 
with that of the two Jllegiiimate Unions, in the genus Friimda. 
The former taken at 100. 


Name of Species. 

Illegitimate Unions. 

Judged of by the 
Proportional Number 
of Flowers which 
produced Capsules. 

Judged of by the 
Average Number (or 
Weight In some cases) 
of ^eda per Capsule. 

Primula veris 

69 

esf 

P. elatioT 

27 

^-/(Probably 
^•^ttoo high.) 

P. rulgaris 

60 

../(Perhaps 
too low.) 

P. Sinensis 

84 

63 

(second trial) . • 

? 

63 

„ (after Hildebrand) . 

100 

42 

P. auricula (Scott) , • • • 

80 

15 

P. Sikkimensis (Scott) . • . 

95 i 

1 

31 

P. cortusoides (Scott) . . 

74 1 

j 

66 

P. involncrata (Scott) . 

- 72 

48 

P. farinosa (Scott) . . . • 

71 ! 

44 

Average of the nine specie*: . | 

88’4 1 

61>8 


With plants of all kinds some flowers generally fail 
to produce capsules, from various accidental causes; 
but this source of error has been eliminated, as far as 
possible, in all the previous cases, by the manner in 
which the calculations hare been made. Supposing, 
for instance, that 20 flowers were fertilised legiti- 
mately and yielded 18 capsules, and that 30 flowers 
were fertilised illegitimately and yielded 15 cap- 
sules, we may assu&e that on an average an eqtul 
proportion the flowers in both lots would fail to 
ptoduee caj^ules from various accidental causes ; and 
;the *ratio of ^ to or as 100 to 56 (in whole 
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numbers), would show the proportional number of cap- 
sules due to the two methods of fertilisation ; and the 
number 56 would appear in the left-hand column of 
Table 12, and in my other tables. With respect 
to the average number of seeds per capsule hardly 
anything need be said: supposing that the legiti- 
mately fertilised capsules contained, on an average, 
50 seeds, and the illegitimately fertilised capsules 
25 seeds ; then as 50 is to 25 so is 100 to 50 ; and 
the latter number would appear in the right-hand 
column.* 

It is impossible to look at the above table and doubt 
that the legitimate unions between the two forms of the 
above nine species of Primula are much more fertile 
than the illegitimate unions; although in the latter 
case pollen was always taken from a distinct plant of 
the same form. There is, however, no close corre- 
spondence in the two rows of fig^ures, which give, 
acconting to the two standards, the difference of fer- 
tility between the legitimate and illegitimate unions. 
Thus all the flowers of P. 8inemi$ which wore illegiti- 
mately fertilised by Hildebrand produced capsules; 
blit these contained only 42 per cent, of the number 
of seeds yielded by the legitimately fertilised capsules. 
So again, 95 per cent, of the illegitimately fertilised 
flowers of P. 8i1tJd)nmm produced capsules ; but these 
contained only 31 per cent, of the number of seeds in 
the legitimate capsules. On the other hand, with 
P. only 27 per cent, of the illegitimately fer- 

tilised flowers yielded capsules ; but these contained 
near^ 76 per cent, of the legitimate number of seeds. 
It appears that the setting of the*flowei8, that is, the 
production of capsules whether good or 1^, is not 
so much influenced by legitimate and illegiwnate fer- 
tilisation as is the number of seeds which the capstfles 
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contain. For, as may be seen at the bottom of Table 
12, 88*4 per cent, of the illegitimately fertilised 
flowers yielded capsules; but these contained only 
61*8 per cent, of seeds, in comparison, in each case, 
with the legitimately fertilised flowers and. capsules 
of the same species. 

There is another point which deserves notice, 
namely, the relative degree of infertility in the several 
species of the long-styled and short-styled flowers, 
when both are illegitimately fertilised. TSie data 
may be found in the earlier tables, and in thde given 
by Mr. Scott in the Paper already referred to. If we 
call the number of seeds per capsule produced by the 
illegitimately fertilised long-styled flowers 100, the 
s^eds from the illegitimately fertilised short-styled 
flowers will be represented by the following num- 
bers : — 


Primula veris. 
P. elatior . , 

P. vulgaris . 
P. Sinensis 


too low.) 
3g|(l>eihaita 
\ too low.) 
71 


Primula auricula 
P. iSikkimensis 
P. cortusoides 
P. involucrata 
P. farinosa 


. 119 
. 57 
, 93 
. 74 
, 63 


We thus see that, with the exception of P. auricula, the 
long-styled flowers t.f all nine species are more fertile 
than the short-styled flowers, when both forms are 
illegitimately fertilised. Whether P. auricuU really 
difiers from the other species in this respect I can form 
no opinion, as the result may have been accidental. 
The degree of self-fertility of a plant depends on two 
elements, namely, on the stigma receiving its own pollen 
and on its more or less efficient action when p}aped 
there. Now as the Others of the short-styled flowers of 
several s^ies of»Primula stand directly above the 
stigma, tleir pollen is more likely to fall on it, or ti> 
be^carried down to it by insects, than in the case of 
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the long-styled foim. It appears probable, therefore, 
at first sight, that the lessened capacity of the short- 
styled dowers to be fertilised with their own pollen, is 
a special adaptation for counteracting their greater 
liability to receive their own pollen, and thus for 
checking self-fertilisation. !Qat from facts with respect 
to other speoied hereafter to be given, this view can 
hardly be admitted. In accordance with the above 
liability, when some of the species of Primula were 
' allowed, to fertilise themselves spoiltaneously under 
a net, aR insects being excluded, except such minute 
ones as Thrips, the short-styled flowers, notwith- 
standing their greater innate self-sterility, yielded 
more seed than did the long-styled. None of the 
species, however, when insects' were excluded, made 
a near approach to. full fertility. But the long-styled 
form of P. Sinensis gave, under these circutnstances, 
a considerable number of seeds, as the corolla in falling 
off drags the anthers, which ore seated low do^m in 
the tube, over the stigma, and thi^ leaves plenty of 
pollen on it. 

BomostyUA species of Primvla. — 'It has now been 
shown that nine of the species in this genus exist under 
two forms, which differ not only in structure but in 
function. Besides these Mr. Scott enumerates 27 other 
species* vvhich are heterostyled ; and to these probably 
others will be hereafter added, l^evertheless, some 
species are homostyled ; that is, they exist only under 
a single form ; but much caution is necessary on this 
head, as several species when cultivated are apt to 
become equal-styled. fjMr. Scott believes that P. 
iSboleca, vertMUtUOf a variety of Bibiriba, data, nuBis, and 
• ■■ S 

* H MSUerkM aiv«niB 'Na- via tbs Alfrine P. 
toreb' Dm. 10, 1874, P. HO. a that it to ferUltoed esoiv- 

f^specU dvaly by Upidopteia. 
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hngijlora,* ore truly homostyled ; and to these may be 
added, according to Axell, P. atiricta. Mr. Scott ex- 
perimented on P. Scoticaj moUis, and vertieUlatay and 
found that their flowers yielded an abundance of seeds 
when fertilised with their own pollen. This shows 
that they are not heterostyled in function. P. Scotiea 
is, however, only moderately fertile when insects are 
excluded, but this depends merely on the coherent 
pollen not readily falling on the stigma without their 
aid. Mr. Scott also found that the capsules of P. 
verticillaia contained rather more seed when thJ flowers 
were fertilised with pollen from a distinct plant than 
. when with their own pollen ; and from this fact he in- 
fers that they are sub-heterostyled in function, though 
not in structure. But there is no evidence that two 
seta of individuals exist, which differ slightly in func- 
tion and are adapted for reciprocal fertilisation ; and 
this is the essence of heterostylism. The mere fact 
of a plant being more fertile with pollen from a 
distinct individual than with its own pollen, is com- 
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of Sprengel,* in 1793, who, with his usual sagacity, 
adds that he does not believe the existence of the two 
forms to bo accidental, though he cannot explain their 
purpose. Tho pistil of the long-styled form is more 
than twice as long as that of the short-styled, with the 
stigma rather smaller, though rougher. H. Mullerf 
gives figures of the stigmatic papillm of the two forms, 
and those of the long-styled are seen to be more than 
double the length, and much thicker than the papillae 
of the aliort-stylcd form. The antliers in the one form 
do not' stand exactly on a level with the stigma in 
the other form ; for tlie distance between the organs is 
greater in tho short-styled than in the long-styled' 
flowers ill tJie proportion of 100 to 71. In dried speci- 
mens soaked in water tho anthers of the short-styled 
form are larger than those of the long-styled, in the 
ratio of 100 to 83. The pollen-grains, also, from the 
^liort-stylc‘d flowers are conspicuously larger than those 
from the long-styled ; tho ratio between the diameters 
of tho moistened grains being as 100 to 64, according 
to my measurements, but according to the measure- 
ments of H. Muller us 100 to 61 ; and his arc probably 
the more aecunito of the two. The contents of the 
larger jiollen-grains appear more coarsely granular 
and of a browner tint, than those in the smaller 
grains. The two forms of Hottonia thus agree closely 
in most respects with those of the heteroptyled species 
of Primula. The flowers of Hottonia are cross-fertilised, 
according to Muller, chiefly by Diptera. 

Mr. ScottI made a few trials on a short-styled plant, 
and^und that thtf legitimate unions were in all ways 
more fertile thaa the iUe gitimate ; bn t since the pub- 

t ' Jonre. Linn. Soa Bdt' toL 
Ti&18M.p.79. • 

K 2 


•* ‘Dm GtohetnuiiM 
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lonffijlora,* are truly homostyled ; and to these may bo 
added, according to Axell, P. strida. Mr. Scott ex> 
perimented on P. Seotica, nuMi», and verticUlata, and 
found that their flowers yielded an abundance of seeds 
when fertilised with their own pollen. This shows 
that they are not heterostyled in function. P. Scotiea 
is, however, only moderately fertile when insects are 
excluded, but this depends merely on the coherent 
pollen not readily falling on the stigma without their 
aid. Mr. Scott also found that the capsules of P. 
vertieiUata contained rather more seed when thJflowers 
were fertilised with pollen from a distinct plant than 
. when with their own pollen ; and from this fact he in- 
fers that they are sub-heterostyled in function, though 
not in structure. But there is no evidence that two 
sets of individuals exist, which differ slightly in func- 
tion and are adapted for reciprocal fertilisation ; and 
this is the essence of heterostylism. The mere fact 
of a plant being more fertile with pollen from a 
distinct individual than with its own pollen, is com- 
mon to very many species; as I have shown in my 
work ‘ On the Effects of Gross and Self-fertilisation.’ 


Hottonia palustris. 


This aquatic member of the Primulacese is con- 
spicuously heterostyled, as the pistil of the long-styled 
form projects far out of the flower, the stamens being 
enclosed within the tube ; whilst the stamens of the 
short-styled flower project far outwards, the pistU being 
enclosed. This difference bet^en the two forms has 
attracted the attention of various botanists, and* that 


* Rocb waa awuo that this 

waa homoatvled : tee “ Uu- 

vinnw fiber Dkoegamie naoh 


Sprengel undBarwin,’* * Bet. Zet- 
tang,’ Jan. 2, 18^ p. 4. 



Chap. I. 


HOTTONIA PALUSTRIS. 


51 


of Sprengel,* in 1793, who, with his usual sagacity, 
adds that he does not believe the existence of the two 
forms to be accidental, though he cannot explain their 
purpose. The pistil of the long-styled form is more 
than twice as long as that of the short-styled, with the 
stigma rather smaller, though rougher. H. Mullerf 
gives figures of the stigmatic papilla3 of the two forms, 
and those of the long-styled are seen to be more than 
double the length, and much thicker than the papillse 
of the ahort-styled form. The anthers in the one form 
do fiotv stand exactly on a level with the stigma in 
the other form ; for the distance between the organs is 
greater in the short-styled than in the long-styled' 
flowers in tlie proportion of 100 to 71. In dried speci- 
mens soaked in water the anthers of the short-styled 
lV)rm are larger than those of the long-styled, in the 
ratio of 100 to 83. The pollen-grains, also, from the 
short-styled floucrs are conspicuously larger than those 
from the long-styled ; the ratio between the diameters 
of the moistened grains being as 100 to 64, according 
to my measurements, but according to the measure- 
ments of 11. Muller as 100 to 61 ; and his are probably 
the more accurate of the two. The contents of the 
larger pollen-grains appear more, coarsely granular 
and of a browner tint, than those in the smaller 
grains. The two forms of Hottonia thus agree closely 
in most respects with those of the hetero^tyled species 
of Primula. The flowers of Hottonia are cross-fertilised, 
according to Muller, chiefly by Diptera. 

Mr. Scotty made a few trials on a short-styled plant, 
and^found that th^ legitimate unions were in all ways 
more fertile than the illegitimate*; but since the pub- 

i 

** • Das entdpekte GeheinmiM t ' Jours. Lins. Soc. B8t.' vol. 
der Nature,* p. 108. viil 1864, p. 79. » 

t *DieBefrnobtnDg^,’&o.,p.350. 

K 2 
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lication of his paper H. Muller has made much fuller 
experiments, and 1 give his results in the following 
table, drawn up in accordance with my usual plan : — 


Table 13. 

Hottonia ^ustris (from //. Muller), 


N^atnre of Union. 

Number 
of Capsules 
examined. 

Average 
Number of 
Seeds per 
Capsule. 

Long-styled form, by pollen of short-styled.! 
Legitimate union 

34 

^1-4 

Long-styled form, by own-form pollen, from a! 

» distinct plant. Illegitimate union . . , / 

18 

77*5 

Short-styled form, by pollen of long-styled.! 
Legitimate union 

30 

66*2 

Short-styled form, by own-form pollen, from a! 
distinct plant. Illegitimate union . • ,/ 

19 

1 

18-7 

The two legitimate unions together . . . 

64 

78-8 

The two illegitimate unions together . . . 

37 

48*1 


The most remarkable poinl; in this table is the 
small average number of seeds from the short-styled 
flowers when illegitimately fertilised, and the. unusually 
large average number of seeds yielded by the illegiti- 
mately fertilised long-styled flowers, relatively in both 
cases to the product of the legitimately fertilised 
flowers.* Th^ two legitimate unions compared with 


* U. Muller says (*I>ie Be- 
fruohtung/ &c., p. 352) that the 
long-styled flowers, when illegiti- 
mately fertflised, yield a^many 
seeda as when legitimately fer- 
tilised ; but by adding ^ip Ilia 
number^f seeds from aU the cap- 
sules produced by the two methods 
of fertilisation, as giyen by him, 


I arrive at the results sliown in 
Table 18.^ The average number 
in the lon^yled capsules, i^qn 
legitimately fertilise, is 91*4, 
and when illegitimately fertilised, 
77-5; or as 100 to 85. H. Muller 
agrees with me that this is tbe 
proper manner of* viewing the 
case. 
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the two illegitimate together yield seeds in the ratio 
of 100 to 61. 

H. Miiller also tried the effects of illegitimately feiv 
tilising the long*styled and short-styled flowers with 
their own pollen, instead of with t^t ffom another 
plant of the same form; and the results are very 
striking. For the capsules from the long-styled 
flowers thus treated contained, on an average, only 
15*7 seeds instead of 77*5; and those from the 
short-styled 6*5, instead of 18*7 seeds i>er capsule. 
The* number 6*5 agrees closely with Mr. Scott’s result 
from the same form similarly fertilised. 

From some observations by Dr. Torrey, Bofttonia 
inflata, an inhabitant of the United States, does not 
appear to be heterostyled, but is remarkable from pro- 
ducing cleistogamic flowers, as will be seen in the last 
chapter of this volume. 

Besides the genera Primula and Hottonia, An^osaee 
(vel Gregoria, vel Aretia) vUoiUiana is heterostyled. 
Mr. Scott* fertilised with their own pollen 21 flowers 
on three short-styled plants in the Edinburgh Botanic 
Gardens, and not one yielded a single seed; but 
eight of them which were fertilised with pollen firom one 
of the other plants of the same form, set two empty 
capsules. He was able to examine only dried speci- 
mens of the long-styled forms.' But the evidence seems 
su^cient to leave hardly a doubt that Androsace is 
heterostyled. Fritz Muller sent me from South Bi-ftatil 
dried flowers of a Statice which he believed to be hete- 
rostyled. In the one form the pistil was considerably 
longer and the stamens slightly sliorter than the cor- 
responding organs in the other form. But as in the 
shortei>Btyled form the stigmas reachedupto the aptheis 

* Bee eJao Tteviieiuu in ‘ Bot Zeitnng,* 1863, p. 6, on tins jdant 
being dimoxphio. 
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of the same flower, and as I could not detect in the 
dried specimens of the two forms any difference in their 
stigmas, or in the size of their pollen-grains, I dare not 
rank this plant as heterostyled. From statements made 
by Vaucher I was led to think that SoldamUa alpina was 
heterostyled, but it is impossible that Eemer, who has 
closely studied tliis plant, could have overlooked the 
fact. So again from other statements it appeared prob- 
able that Pyrola might be heterostyled, but H. Muller 
examined for me two species in North Germajiy, and 
found this not to be the case. 
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CHAPTEB IL 

Htbbid Fbiuulas. 

The Oxlip a hybrid naturally produced between Primula veris and 
vulgaria— The differences in structure and function^ between the 
two |arent-8pecic8— Effects of crossing long-styled and short-styled 
Oxlips with one another and with the two forms of both parent- 
species — Character of the offspring from Oxlips artificially self- 
fertilised and cross-fertilised in a state of nafure—Primula elatior 
shown to bo a distinct species — Hybrids between other heterostyled 
species of Primula — Supplementary note on spontaneously produced 
hylirids in the genus Verbascum. 

The various species of Primula have produced in a 
state of nature throughout Europe an extraordinary 
number of hybrid forms. For instance. Professor 
Eemer has found no less than twenty-five such forms 
in the Alps.* The frequent occurrence of hybrids in 
this genus no doubt has been favoured by most of the 
species being heterostyled, and consequently requiring 
cross-fertilisation by insects ; yet in some other genera, 
species which are not heterostyled and w'hich in some 
respects appear not well adapted for hybrid-ferti- 
litotion, have likewim been largely hybridised. In 
certain districts of England, the common oxlip — a 
hybrid between the cowslip (P. vens, vel 
and the primrose (P. inilffaria, vel aeattlis ) — is fire- 
quently found, and it occurs occasionally almost every- 

*"l>ieFiiiiMilaoeen-Bwrtarteii,'' 'Biill.%oo.BotdeFmnoe,*toiD.z. 
‘Oesterr. Bot ZeitsohilRt’ Jalir 1853, p. 178. Also in ‘ Benie des 
1875, Noa. 4, and 5. See aJao Soienoes Nai' 1875, p. 33^ 
Ckicbtm on hybrid Frimvlas in 
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where. Owing to the frequency of this intermediate 
hybrid form, and to the existence of the Bardfield 
oxlip (P, eloHor), which resembles to a certain extent 
the common oxlip, the claim of the three forms to 
rank as distinct species has been discussed oftener 
and at greater length than that of almost any other 
plant. Linnasus considered P. veris, wlgariB and 
datioT to be varieties of the same species, as do some 
distinguished botanists at the present day; whilst 
others who have carefully studied these plants , do not 
doubt that they are distinct species. The following 
observations prove, I think, that the latter view is 
correct ; and they further show that the commoj oxlip 
is a hybrid between P. veris and vulgaris. 

The cowslip differs so conspicuously in general ap- 
pearance from the primrose, that nothing need here 
be said with respect to their external characters.* 
But some less ob\ious differences deserve notice. As 
both species ar» heterostyled, their complete' fertilx^ 
sation depenus on insects. The cowslip is habitually 
visitea during the day by the larger humble-bees 
(viz. Bombus rimsecyrum and and at night 

by moths, as 1 have seen in the case of Gucvllia, The 
primrose is never visited (and I speak after many 
years* observation) by the larger humble-bees, and 
only rarely by the .mailer kinds; hence its ferti- 
lisation must depend almost exclusively on moths. 
There is nothing in the structure of the flowers of the 
two plants which can determine the visits of such 
widely different insects. But they emit a different 
odour, and perhaps their nectar may have a diffe^nt 
taste. Both the lon^-styled and short^tyled forms of 

* The Rev. W. A. Leighton aeed, in * Atm. and Mag. of Nat. 
hat npmtedoutoertaindifiereiioefl Hitt* 2iid aeiiet, voL ii. 1848, 
in Itum of the oaptules and p. 164. 
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the primiose, when legitimately and natoxally ferti- 
lised, yield on an average many more seeds per capsule 
than the cowslip, namely, in the proportion of 100 to 55. 
When illegitimately fertilised they are likewise more 
fertile! than the two forms of the cowslip, as shown by 
the larger proportion of their flowers which set cap- 
sules, and by the larger average number of seeds which 
Ike capsules contain. The difference also between the 
number of seeds produced by the long-styled and short- 
styled flowers of the primrose, when both are illegiti- 
mately fertilised, is greater than that between the 
number producod under similar circumstances by the 
two forms of the coa. lip. The long-styled flowers of 
the primrose when protected from the access of all in- 
sects, except such minute ones as Thrips, yield a con- 
siderable number of capsules containing on an average 
1C '*1 seed*- pel capsule ; whereas 18 plants of the long- 
styled cowslip simUoixy treated diu not yield a single 
seed. 

The primrose, as every one knows, flowers a little 
earlier in the spring than the cowslip, and inhabits 
slightly different stations and districts. The primrose 
generally grows on banks or in woods, wmist ^e cow- 
slip is round in more open places.. The geographical 
range of the two forms is different. Dr. Bromfield re- 
marks * that “ the primrose is absent from all the in- 
terior region of northern Europe, where ike cowslip is 
indigenous.” In Norway, however, both plants range 
to the seune degree of north latitude.t 

The cowslip and primrose, when intercrossed, be- 

* ‘Pbytologiat,’ voLlii, p. 684. omtre db la Fnnoe,* 1840, tom. iL 

t H. Leooq, ‘G4agtaph.Botde p. 376. lespeot to ^ taii^ 

I’Emope,’ tom. viiL 1858, pp. 141, of P. verii in westom Sooflana, 
144. Bee also ‘Ann. and Ifag. of aeeH.C.Wataon,‘Clybde]MtBi^ 
Nat. Hiat.' ix. 1848, pp. 166, nioa,* ii p. 298. • 

515. Abo Borean, ‘Fuve da 
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have like distinct species, for they are far f]x>in 
being mutually fertile. Gartner* crossed 27 flowers 
of P. with pollen of P. vsria, and obtained 

16 capsules; but these did not contain any good 
seed. He also crossed 21 flowers of P. veris with 
pollen of P, wigaris ; and now he got only five 
capsules, containing seed in a still less perfect 
condition. Gartner knew nothing about hetero- 
stylism; and his complete failure may perhaps be 
accounted for by his haying crossed together the 
same forms of the cowslip and primrose; jjfor such 
crosses would have been of an illegitimate as well as 
of a hybrid nature, and this would have increased 
their sWility. My trials were rather more fortunate. 
Twenty-one flowers, consisting of both forms of the 
cowslip and primrose, were intercrossed legitimately, 
and yielded seven capsules {Le. 33 per cent,), contain- 
ing on an average 42 seeds; some of these seeds, 
however, were so poor that they probably would not have 
germinated. Twenty-one flowers on the same cowslip 
and primrose plants were also intercrossed illegiti- 
mately, and they likewise yielded seven capsules (or 
33 per cent.), but these contained on an average only 
13 good and bad seeds. I should, however, state that 
some of the above flowers of the primrose were fertilised 
with pollen from the polyanthus, which is certainly a 
variety of the cowslip, as may be inferred from the per- 
fect fertility inter se of the crossed offspring froifl these 
two plants.! To show how sterile these hybrid unions 

* ‘ BaBtatdexzeugung,' 1849, p. cientlv nmnerotu. The degree of 
^ iikfert&ity of a cross is liable to 

t Mr. Soott has disoSssed the much fluotuatloii. Pollen horn. 
natue of the polyanthus (‘Proa the oowdip at first appears rather 
^n. Boa' yfil. Bot.*1864, p. more effieient on the primrose than 
lOSVAnd arrives at a different that of the polyanthus; for 12 
Mi^pl^ion ; but I do not think flowers of both forms of Uie prim- 
that his experiments were suffi- .rose, fertilised legitimately and 
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wete I maj remind the reader that 90 per cent, of the 
flowers of the primrose fertilised legitimately with 
primrose-pollen yielded capsules, containing on an 
average 66 seeds; and that 54 per cent, of the flowers 
fertilised illegitimately yielded capsules containing on 
an average 35*5 seeds per capsule. The primrose, 
especially the short-styled form, when fertilised by the 
cowslip, is less sterile, as Gartner likewise observed, 
than is the cowslip when fertilised by the primrose. TJie 
above experiments also show that a cross between the 
same fc^s of the primrose and cowslip is much more 
sterile man that between different forms of these two 
species. 

The seeds &om the several foregoing crosses were 
sown, but none germinated except those flrom the 
short-styled primrose fertilised with pollen of the 
polyanthus; and these seeds were the finest of the 
whole lot. I thus raised six plants, dnd compm«d 
them with a group of wild oxlips which I had trans- 
planted into my garden. One of these wild oxlips 
produced slightly larger flowers than the others, and 
this one was identical in every character (in foliage, 
flower-peduncle, and flowers) with my six plants, 
excepting that the flowers of the latter were tinged of 
a dingy red colour, from being descended ffom the 
polyan^us. 

We thus see that the cowslip and primrose can- 
not be (uossed either way except with considerable 
difSculty, that they differ conspicuously in external 
appearance, that they differ in various physiological 

• -- 

illegitimately with poUen of the 22*6 sdbds. On^the other hand, 
oowwp gave dye oapBufes,ooiitaiii- the see^ pioduoed by the poly- 
ing on an average 82*4; aeeda', anthua- pollen were much the 
whilst 18 flowers similarly fertil- finest of the whole lot, and were 
ised by polyanthus-pollen yielded tho only ones which germimltodi 
only five capsules, oontaining only 
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chaiacters, that they inhabit slightly different stations 
and range differently. Hence those botanists who 
rank these plants asTarieties ought to be able to prove 
that they are not as well fixed in character as are most 
species ; and the evidence in fisivour of such instability 
of character appears at' first sight very strong. It 
rests, first, on statements made by several competent 
observers that they have raised cowslips, primroses, and 
oxlips from seeds of the same plant; and, secondly, 
on the fluent occurrence in a state of nature of 
plants presenting every intermediate gradatioi^between 
the cowslip and primrose. 

The first statement, however, is of little value ; 
for, hetercistylism not being formerly understood, 
the seed-bearing plants were in no instance* pro- 
tected from the visits of insects ; and there would 
be almost as much risk of an isolated cowslip, or of 
several cowslips if consisting of the same form, being 
crossed by a neighbouring primrose and producing 
oxlips, as of one sex of a dioecious plant, under similar 
circumstances, being crossed by the opposite sex of 
an allied and neighbouring species. Mr. H. C. Wat- 
son, a critical and most careful observer, made many 
experiments by sowing the seeds of cowslips and of 
various kinds of oxlips, and arrived at the following 
conclusion,! namely, “that seeds of a cowslip can 
produce cowslips and oxlips, and that seeds of an oxlip 
can produce cowslips, oxlips, and primroses.” This 
conclusion harmonises perfectlynrith the view that in 

^OneanfhorgtateBintbe'Pliy- tained aa alnuidanoe of seed, 
Mog^’ (toL iii. p. 703),tbat ha wbidi is aimidy impSkaible. 
ooTendwithhell-sIaaieaMinaeow- Hanee thoM malt hare been 
aIipa,primioBe«, to., on.whieh he aome eiiangie mot in theae ex- 
espenmented. He apecitoa >11 peiimenia. whidi may be paaaed 
fhedtoilaofhiaexjpmhnent^bnt over aa valneleaa 
doe* not aay that he attiSoiaUy t * Fhytol^V U. pp. 217, 
fertUiaed hu plant); yet he ob- 852; iiL p 4K 
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all oases, when such results have been obtained, the 
unprotected cowslips have been crossed by primroses, 
and the unprotected oxlips by either cowslips or 
primroses ; for in this latter case we might expect, by 
the aid of reversion, which notoriously comes into 
powerful action with hybrids, that the two parent-forms 
in appearance pure, as well as many intermediate gra- 
dations, would be occasionally produced. Nevertheless 
the two following statement offer considerable diffi-. 
cnlty. The Bev. Prof. Henslow* raised from seeds of a 
cowslip growing in his garden, various kinds of oxlips 
and ona^rfect primrose ; but a statement in the same 
paper perhaps throws light on this anonialous result. 
Pro£ Herslow had previously transplanted into his 
garden a cowslip, which completely changed its ap- 
pearance during the following year, and now resembled 
an oxlip. Next year again it changed its diaracter, 
and produced, in addition to the ordinary umbels, a 
few single-flowered scapes, bearing flowers somewhat 
smaller and more deeply coloured than those of the 
common primrose. From what I have myself observed 
with oxlips, I cannot doubt that this plant was an ox- 
lip in a highly variable condition, almost like that of 
the famous Oytima adami. This presumed oxlip was 
propagated by offsets, which were planted in different 
parts of the garden ; and if Prof. Henslow took by 
mistake seeds from one of these plants, especially if it 
had been crossed by a primrose, the result would be 
quite iptelligibl& Another c^e is still more difficult 
to understand : Dr. Herbertf raised, from the seeds of 
a higjjdy cultivated red cowslip, cowslips, oxlips of 
various kinds, and a primrose. Thi^case, if accurately 

* Loudon's ‘ of Nat. Hist.’ iii. 1830| p. ^00. 

t ‘Transact Hort Soo.' iv. p. 19. 
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recorded, which 1 much doubt, is explicable only on 
the improbable assumption that the red cowslip was 
not of pure parentage. With species and varietieB 
of many kinds, when intercrossed, one is sometimes 
strongly prepotent over the other ; and instances are 
known* of a variety crossed by another, producing 
offspring which in certain characters, as in colour, 
hairiness, &c., have proved identical with the pollen- 
bearing parent, and quite dissimilar to the mother- 
plant ; but I do not know of any instance of the off- 
spring of a cross perfectly resembling, in a consider- 
able number of important characters, the fathec alone. 
It is, therefore, very improbable that a pure cowslip 
crossed by a primrose should ever produce a primrose 
in appearmice pure. Although the facts given by Dr. 
Herbert and Prof. Henslow are difficult to explain, yet 
until it can be shown that a cowslip ora primrose, 
carefully protected from insects, will give birth to at 
least oxlips, the cases hitherto recorded have little 
weight in leading ns to admit that the cowslip and 
primrose are varieties of one^d the same species. 

Negative evidence is of little value ; but the follow- 
ing facts may be worth giving ;-»-Some cowslips which 
had been transplanted from the fields into a shrubbery 
were again transplanted into highly manured land. 
Li the following year they were protected from insects, 
artificially fertilised, and the seed thus procured, was 
sown in a hotbed. The young plants were afterwards 
planted out, some in very rich soil, some in stiff poor 
clay, some in old peat, and some in pots in the green- 
house ; so that these plants, 765 in number, as ^eU as 
their parents, wexS subjected to diversified and un- 

* f have given inetanoes in my lioation,’ oh^ xv. 2nd edit vol. 
wo<k ‘ On the Voiiation of Ani* ii. p. 60. 
mala and Plants under Domes- 
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natural treatment ; but not one of them presented the 
least variation except in size — ^those in the peat at- 
taining almost gigantic dimensions, and those in the 
clay being much dwarfed. 

1 do . not, of course, doubt that cowslips exposed 
during s&veral successive generations to changed con- 
ditions would vary, and that this might occasionally 
occur in a state of nature. Moreover, from the law 
of analogical variation, the varieties of any one species^ 
of Primula would probably in some cases resemble 
other species of the genus. For instance I raised a red 
primrcsv from seed from a protected plant, and the 
flowers, though still resembling those of the primrose, 
w^ere bom^^ during one season in umbels on a long foot- 
stalk like that of a cowslip. 

With regard to the second class of facts, in support 
of the cowslip and primrose being ranked as mere 
varieties, namely, the well-ascertained existence in a 
state of nature of numerous linking forms* : — If it can 
be shown that the common wild oxlip, which is inter- 
mediate in character between the cowslip and prim- 
rose, resembles in sterility and other essential respects 
a hybrid plant, and if it can further be shown that the 
oxlip, though in a high degree sterile, can be fertilised 
by either parent-species, thus giving rise to still finer 
gradational links, then the presence of such linking 
forms m a state of nature ceases to be an argument 
of any weight in favour of the cowslip and primrose 
being .varieties, and becomes; in fact, an argument on 
the other side. The hybrid origin of a plant in a 
state ^of nature can be recognised by four tests: first, 
by its occurrence only where both* presumed parent- 

* See an ezo^ent article on in the ^PbytolQgist,’ vol. iih p. 
this subject by Mr. H. G. Watson 48. 



64 


HTBBm'PBIinTLAS. 


gbap. n. 


species exist or have recently existed ; and this holds 
good, as &r as I can discover, with the oxlip*; but the 
P. daHoT of }'acq., which, as we shall piesenily see, 
constitutes a distinct sped^ must not be confounded 
with the common oxlip. Secondly, by the supposed 
Lybcid plant being nearly intermediate in diaracter 
between the two parent-specie^ and* especially by its 
xesmnbling hybrids artificially made between the same 
two species. Now the oxlip is intermediate in cha- 
racter, and resembles in every respect, except in the 
coloto of the corolla, hybrids artificially produced be- 
tween the primrose and the polyanthus, whi^ latter 
is a variety of the cowslip. Thirdly, by the supposed 
hybrids being more or less sterile when crossed inter ee : 
but to Ixy this fairly two distinct plants of the same 
parentage, and not two flowers on the same plant, 
should be crossed ; for many pure species are more 
or less sterile with pollen from the same individual 
plant ; and in the case of hybrids from heterostyled 
species the opposite forms should be crossed. Fourthly 
and lastly, by the supposed hybrids being much more 
fertile when crossed with either pure parent-species 
than when crossed inter se, but still not as fully fertile 
as the parent-species. 

For the sake of ascertaining the two latter points, 
I transplanted a group of wild oxlips into my 
garden. They consisted of one long-styled and 
three short-styled plants, which, except in the co- 
rolla of one being slightly larger, resembled each 
other closely. The trials .which were made, and the 
results obtained, are shown in the fi.ve foUoyring 
tables. No less l^n twenty different crosses are 
necessary in orden to ascertain fully the fertility of 
hybrid heterostyled plants, both inter ae and with 
thefr two parent-species. In this instance 2^ flowers 
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weie croBsed in the oonise of four Beasons. I may 
mention, as a mere Oniiosit^, that if anj one vexe to 
raise hybrids between tw^ trimorphio heterostyled 
species, he would hare to make 90 distinct nnidns 
in order to ascertain their fertility ip all ways^ 
and as he would hare to ^y at least 10 flowers in 
each case, he would be compelled to fertilise 900 
flowers and count their seeds. This would probaUy 
exhaust the patience of the most patient man. 

# 

• Table 14 . 

Crme8 inter Be hetwem the two forms of iht common 


IllegitimaL union. 

Short-styled ox- 
lip, by pollen of 
short-styled oxljp; 
20 flowers fertilised, 
did not produce one 
capsule. 

Legitimate union. Jllegitmate union. 

Short-styled ox- Long -styled ox- 
, lip, by pollen of lip, by its own 
long ^styled oxlip: pollen: 24 flowers 
10 flowers fertilised, fertilised, produced 
did not produce one five ca|)sules, con- 
capsule. taining 6, 10, 20, 

8, and 14 seeds. 
Average 11 ’6. 

Legitimate union. 

Long -styled ox< 
lip, by pollen o: 
short-styled oxlip 
10 flowers fertilise 
did not produce one 
capsule. 

» 

Table 15 . 

Both forme of the Oxlip croeeed with PoUen of both forme of the 
Cowslip, P. veris. 

Illegitimate union. 

ShortUtyled ox- 
lipf }>y pollen of 
short - styled cow- , 
slip : 18 flowers fer- 
ti\Ued, didiiiot pro-' 
duce one capsule. 


Illegitimate union. 

Long -styled ox- 
lip, by pollen of 
long - styled cow- 
slip ; 1 1 Aowon 

fettilised, produced 

one capsule, cod- 

tuning 13 wretched 
seeds. 

Legitimate union. 

Long -styled ox- 
llp, by pollen oi 
short-styled cow- 
slip : 5 Bowers 

fertilised, produced 
two capemes, con- 
taining 21 and 28 
very fine mds. 

t 
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Table 16. 


Both forms of the Os^ip crossed with PoUen of both form of ike 
Primrose^ P. valgaris. 


lUegitimaie union. 

ShDrt-4tylod ox- 
lip, by pollen ofi 
short-styled prim- 
rose : 34 flowers { 
fertilised, produced 
two capsules, cou- 
taining 5 and 12 
seeds. 

Legdimate union. 

Short-styled ox- 
lip, by pollen of 
long -styled prim- 
rose : 26 flowers 
fertilised, produced 
six capsules, con- 
taining 16. 20, 5, 10, 
19, and 24 seeds. 
Average 15*7. Many 
of the seeds very 
poor, some good. 

lUegitimate union. 

Long-styled ox- 
, lip, by pollen of 
long -styled prim- 
Jrose: 11 flowers 
' fertilised, produced 
'four capsules, con- 
taining 10, 7. 5, and 
6 wretched seeds. 
Average 7 '0. 

hegitimate mton. 

Long-styled ox- 
lip, by pollen of 
short-styled prim- 
rose : 5 flowers 

fertilised, produced 
flvo capsules, con- 
taining 26, .32, 23. 
28, and 34 seels. 

1 Average 28 * 6. 

Vn 

Table 17. 

Both forms of the CotvsHp crossed with Pollen of both forms of the Oxfij*. 

Blejiitm'tte unton. 

Short-atyled cow- 
slip, by pollen of 
short-styled oxlip: 
8 flowers fertilised, 
produced not one 
capsule. 

Legitimate union. , Illegitimate union. 

Long-styled cow- Long-styled cow- 
slip, hy pollen of slip, by pollen of 
short-styled oxlip: long -styled oxlip: 
8 flowers fertilised, 8 flowers fertilised, 
produced one cap- produced three cap- 
sule, containing 26 sales, containing 5, 
seeds. 6, and 14 seeds. 

Average 8*3. 

Legitimate untou. 

Short-styled cow- 
slip, by pollen ui 
long -styled oxlip: 

8 flowers fertilised, 
produced eight cap- 
sules, containing .">8. 
38, 31,44, 23, 26. 
37, and 66 seed-t. 
Average 40*4. 

Tabus 18. 

Both fonnx the Primrose crossed esitk Pollen of hath farms of the OxUp. 

Illegitimate wiion. 

Short-styled prim- 
rose, by pollen of 
short-styled oxlip: 

8 flowers fertilised, 
produced not one 
capsule. 

t i 

• 

Legitimate mion. | 

— - 1 

Long-styled prim- , 
rose, by pollen of 
short-styled oxlip:- 
8 flowers fertilised, I 
producefl two cap- 
sules, containing 5 ! 

: and 2 seeds. 

1 

Illegitimate union. 

Long-styled prim- 
rose, by pollen of 
long -styled oxlip: 
8 flowers fertilised, 
produced eight cap- 
8uleB,coDtalnit)g 15, 
7, 12,20,22,7,16, 
and 13 seeds. Ave- 
rage 14*0. 

Legitimate union. 

Short-styled prim- 
rose, by pollen of 
long -styled oxlip: 

8 flowe^ fertili'ied, 
produced four cap- 
sules, containing 
52, 52, 42, and 49 
se^,some gooil and 
some bad. Average 
^*7. 
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We see in these five tables the number of capsules 
and of seeds produced, by crossing both forms of the 
oxlip in a legitimate and illegitimate manner with one 
another, and with the two forms of the primrose and 
cowslip. I may premise that the pollen of two of the 
short-styled oxlips consisted of nothing but minute 
aborted whitish cells; but in the third short-styled 
plant about one-fifth of the grains appeared in a sound 
condition. Hence it is not surprising that neither 
tlie short-styled nor the long-styled oxlip procbiced a 
single seed when fertilised with this pollen. Nor di<l 
the ^ro cowslips or primroses when illegitimately fer- 
tilised with it ; but when thus legitimately fertilised 
they yielded a few good seeds. The* female organs of 
the short-styled oxlips, though greatly deteriorated in 
power, were in a rather better condition than the male 
organs ; for though the short-styled oxlips yielded no 
seed when fertilised by the long-styled oxlips, and 
hardly any when illegitimately fertilised by pure cow- 
slips or primroses, yet when legitimately fertilised by 
these latter species, especially by the long-styled 
primrose, they yielded a moderate supply of goo<l 
seed. 

The long-styled oxlip was more fertile thfln*the 
three short-styled oxlips, and about half its pollen- 
grains appeared sound. It bore no seed when legiti- 
mately fertilised by the short-styled oxlips ; but this 
no doubt was due to the badness of the pollen of 
the latter; for when illegitimately fertilised (Table 
14) by its own pollen it produced some good seeds, 
though much fewer than self-^rtilised cowslips or 
primroses would have produced. The long-styled ox- 
lip likewise yielded a very low average of seed, |U9 may 
be seen in the third compartment of the four latter 
tables, when illegitimately fertilised by, and when 

F 2 
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illegitimately fertilising, pure cowslips and primroses. 
The four corresponding legitimate unions, however, were 
moderately fertile, and one (viz. that between a short- 
styled cowslip and the long-styled oxlip in Table 17) 
was nearly as fertile as if both parents had been pure. 
A short-styled primrose legitimately fertilised by the 
long-styled oxlip (Table 18) also yielded a moderately 
good average, namely 48*7 seeds; but if this short- 
styled primrose had been fertilised by a long-styled 
primro^ it would have yielded an average of 65 seeds. 
If we take the ten legitimate unions together, and the 
ten illegitimate imions together, we shall find t^at 29 
per cent, of the flowers fertilised in a legitimate manner 
yielded capsules^ these containing on an average 27*4 
good and bad seeds ; whilst only 15 per cent, of the 
flowers fertilised in an illegitimate manner yielded 
capsules, these containing on an average only 11*0 
good and bad seeds. 

In a previous part of this chapter it was shown that 
illegitimate crosses between the long-styled form of 
the primrose and the long-styled cowslip, and between 
the short-styled primrose and short-styled cowslip, are 
more sterile than legitimate crosses between these two 
speysies ; and we now see that the same rule holds good 
almost invariably witli their hybrid offspring, whether 
these are crossed inter se, or with either parent-species ; 
so that in this particular case, but not as we shall 'pre- 
sently see in other cases, the same rule prevails with 
the pure unions between the two forms of the same 
heterostyled species, with crosses between two distinct 
heterostyled species, /tnd with their hybrid of&pring. 

Seeds fiom the long-styled oxlip fertilised by its 
own pollen were sown, and three long-styled plants 
raised. The first of these was identical in every 
icfaaiaeter with its parent. The second bote rather 
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smaller flowers, of a paler colour, almost like those of 
the primrose ; the scapes were at flrst single-flowered, 
but later in the season a tall thick scape, bearing many 
flowers, like that of the parent oxlip, was thrown up. 
The third plant likewise produced at first only single- 
flowered scapes, with the flowers rather small and of a 
darker yellow ; but it perished early. ' The second 
plant also died in September; and the first plant, 
though aU three grew under very favourable con- 
ditions, looked very sickly. Hence we may infer that 
seedlings from self-fertilised oxlips would hardly bo 
able “to exist in a state of nature. I was surprised to 
find that all the pollen-grains in the first of these seed- 
ling oxlips appeared sound ; and in tiie second only a 
moderate number were bad. These two plants, however, 
had not the power of producing a proper number of 
seeds ; for though left uncovered and surrounded by 
pure primroses and cowslips, the capsules were esti- 
mated to include an average of only from fifteen to 
twenty seeds. 

From having many experiments in hand, I did not 
sow the seed obtained by crossing both forms of the 
primrose and cowslip with both forms of the oxlip, 
which I now regret; but 1 ascertained an interest- 
ing point, namely, the character of the offspring 
from oxlips growing in a state of nature near both 
primroses and cowslips. The oxlips were the same 
, plants which, after their seeds had been collected, were 
transplanted and experimented on. From the seeds 
thus obtained eight plants were raised, which, when 
they flowered, might have hegi mistaken for pure 
primroses*; but on close comparison the eye in the 
centre of the corolla was seen to be of a darker yellow, 
and the peduncles more elongated. As the season ad- 
Tweed, one of these plants threw up two naked scapes, 
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7 inches in height, which bore umbels of flowers of 
the same character as before. This fact led me to ex- 
amine the other plants after they had flowered and 
were dug up ; and I found that the flower-peduncles 
of all spnmg from an extremely shprt common scape, 
of which no trace can be found in the pure primrose. 
Hence those plants are beautifully intermediate be- 
tween the oxlip and the primrose, inclining rather 
tow^ards the latter ; and we may safely conclude that the 
parent oxlips had been fertilised by the surrounding 
primroses. 

From the various facts now given, there can iJh no 
doubt that the common oxlip is a hybrid between the 
cowslip (P. veris, Brit. FI.) and the primrose (P. vuU 
garis, Brit. FI.), as has been surmised by several 
botanists. It is probable that oxlips may be produced 
cdther from the cowslip or the primrose as the seod- 
Iiearer, but oftenest from the latter, as I judge from 
the nature of the stations in w^hich oxlips are generally 
found,* and from the primrose when crossed by the 
cowslij) being more fertile than, conversely, the cowslip 
by the primrose. The hybrids themselves are also 
rather more fertile when crossed with the primrose 
than with the cowslip. Whichever may be the seed- 
bearing plant, the cross is probably between different 
forms of the two species ; for we have seen that legiti- 
mate hybrid unions are more fertile than illegitimate 
hybrid unions. Moreover a friend in Surrey found , 
that 29 oxlips which grew in tha neighbourhood of 
his house consisted of 13 long-styled and 16 short- 
styled plants; now, jf the parent-plants had been 
illegitimately united, either the long- or short-styled 
form wQuld have greatly preponderated, as we shall 

C 

* See also on this head Hardwiche’s < Science Gossip/ 1867, pp. 
114, 1S7. . . rr 
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hereafter see good reason to believe. The case of 
the oxlip is interesting; for hardly any other in- 
stance is known of a hybrid spontaneously arising 
in such large numbers over so wide an extent of coun- 
try. The common o^lip (not the P. datlor of Jacq.) 
is found almost everywhere thrpughout England, where . 
both cowslips and primroses grow. In some districts, 
as I have seen near JEartdeld in Sussex and in parts 
of Surrey, specimens may be found on the borders oi 
almost every field and small wood. In other districts 
the oxlip is comparatively rare: near my own resi- 
dence i have found, during the last twenty-five years, 
not more than five or six plants or groups of plants. 
It is difficult to conjecture what is the cause of this 
difference in their number. It is almost necessary 
that a plant, or several plants belonging to the same 
form, of one parent-species, should grow near the 
opposite fi)rm of the other parent-species; and it is 
further necessary tliat both species should be fre- 
quented by the same kind of insect, no doubt a moth. 
Tlie cause of the rare appearance of the oxlip in 
certain districts may be the rarity of some moth, 
which in other districts habitually visits both the 
primrose and cowslip. 

Finally, as the cowslip and primrose differ in the 
various characters above specified, — as they are in a 
high degree sterile when intercrossed, — as there is no 
trustworthy evidence that either species, when un- 
crossed, has ever given birth to the other species or 
to any intermediate form, — and as the intermediate 
forms which are often found in a q;tate of nature have 
been shown to be more or less sterile hybrids of the 
first or second generation, — we must for the ]^ture 
look at the cowslip and primrose as good and true 
species. 
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Primula datior, Jacq., or the Bardfield Oxlip, is 
found in England only in two or three of the eastern 
counties. On the Continent it has a somewhat dif- 
ferent range from that of the cowslip and primrose ; 
and it inhabits some districts where neither of these 
species live.* In general appearance it differs so 
much from the common oxlip, that no one acctistomed 
to see both forms in the living state could afterwards 
confoimd them; but there is scarcely more than a 
single diaracter by which they can be distinctly "le* 
fined, namely, their linear-oblong capsules equa 
the calyx in length-f The capsules when mature d 
conspicuously, owing to their length, from .hose of c 
cowslip and primrose. With respect to the fertility 
of the two forms when these are united in the ' * 
possible methods, they behave li’"j tne hetero- 
styled species of the genus, but differ s.. neahai tsee 
Tables 8 and 12) in the smaller propoiv' .n c the il- 
legitimately fertilised flowers which set capsu! s. Phat 
P. datwr is not a hybrid is certain, for whou «,he two 
forms were legitimately united they yielded iLo large 
average of 47*1 seeds, and when illegitimately united 
35*5 per capsule ; whereas, of the four possible unions 
(Table 14) between the two forms of the common ox- 
lip which we knoa te be a hybrid, one alone yielded ' 
any seed; and in this case ^e average nuiyiter was 
only 11*6 per capsule. Moreover 1 could not detect 
a angle bad pollen-grain in the anthers of the short- 
styled P. datior; whilst in two short^tyled plants of 
the common oxlip all the grains were bad, as were 
a large majority Iq a third plant. As the common 

* For England, see Heveti C. 1858, p. 142. For the AIpo, aee 
VatMtt, * Qjrbele Britanniea,’ voL * Ann. and Mag. Nat Hist* Tol. 

iL lfi49, p. 292. For the Con- iz. 1842, pp. 156 and 515. 
ttnent, aee l.eooq, ‘Gdograph. + Babinghm’a ‘Hannalof Brit- 
Botanitne de I’Europe,’ tom. vUL iah Botany,' 1851, p. 258. 
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oxlip is a hybrid between the primrose and cowslip, it 
is not sniprising that eight long-styled -flowers of the 
primrose, fertilised by pollen from the long-styled 
common oxlip, produced eight capsules (Table 18), 
containing, however, only a low average of seeds; 
whilst the same number of flowers of the primrose, 
similarly fertilised by the long-styled Bardfield oxlip, 
produced only a single capsule; this latter plant 
being an altogether distinct species &om the primrose*. 
Plants of P. datior have been propagated by seed in 
a garden for twenty-five veats, and have kept all this 
time quite constent, oxcopting that in some cases the 
flow< rs varied a little .n size and tint.* ^Nevertheless, 
' 'ing to Mr. H 0. Watson and Dr. Bromfield,t 
^dants may ''e occasionally foimd in a state of nature, 
yb’cli me .t ^he characters bv which this species 
'T ')e i''*’nn'ui<». d from P.veris and mlgans fail; 
1 .ch iutemedia forms are probably due to 
bybrid’sat'on , lor Berner states, in the paper before 
referred b). that hybrids sometimes, though rarely, 
arise in vno Alps between P. datior and verts. 

Finally, although we may freely admit that Primula 
veris, wlgaria, and datior, as well as all the other 
species of the genus, are descended from a common 
primordial form, yet from the facts above given, we 
must wnclude that the.,e three forms are now as fixed 
in character as are many others which are universally 
ranked as true species. Consequently they have as 
good a right to receive distinct specific names as have, 
for instance, the ass, quagga, and zebra. 

* Mr. Scott has arrived at some inleresting results by 

* Bee Mr. H. Doubleday in the p. 402. • 

‘Ouidmer's Ohroniele,’ 1667, p. t ‘Bhytologist,* wd. Lp.li 
485, alM Mr. W. Mueball, ibA and voL iU. p. 695. 
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crossing other heterostyled species of Primula.* I 
have already alluded to his statement, that in four 
instances (not to mention others) a species when crossed 
with a distinct one yielded a larger number of seeds 
than the same species fertilised illegitimately with its 
own-form pollen, though taken from a distinct plant. 
It has long been known from the researches of Kolreuter 
and Gartner, that two species when crossed reciprocally 
sometimes differ as widely as is possible in their fer- 
tility : thus A when crossed with the pollen of B will 
yield a large number of seeds, whilst B may be crossed 
repeatedly with pollen of A, and will never yield a angle 
seed. ' Now Mr. Scott shows in several cases that the 
same law holds good when two heterostyled species 
of Primula are intercrossed, or when one is crossed 
with a homostyled species. But the results are much 
more complicated than with ordinary plants, as two 
heterostyled dimorphic species can be intercrossed in 
eight different ways. I will give one instance from 
Mr. Scott. The long-styled P. birsuia fertilised legi- 
timately and illegitimately with pollen from the two 
forms o! P. aurievJa, and reciprocally the long-styled 
P. aurievla fertilised legitimately and illegitimately 
with pollen from the two forms of P. hirauta, did 
not produce a single seed. Nor did the short- 
styled P. hirauta when fertilised legitimately and 
illegitimately with the pollen of the two forms of 
P. amieula. On the other hand, the short-styled 
P. oturieula fertilised with pollen from the long-styled 
P. hirauta yielded capsules containing on an average 
no less than 56 ^ds ; and the short-styled P. 
awrieula by pollen of the short-styled P. hirsuth 
yielded capsides containing on an average 42 seeds 


' Joium. Unn. Soe.Boi' toI. tIU. 1864, p. 98 to end. 
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per capsule. So that out of the eight possible unions 
between the two fonns of these two species, six 
were utterly barren, and two fairly fertile. We have 
seen also the same sort of extraordinary irregularity in 
the results of my twenty different crosses (Tables 
14 to 18), between the two forms of the oxlip, prim- 
rose, and cowslip. Mr. Scott remarks, with respect 
to the results of his trials, that they are very surprising, 
as they show us that “ the sexual forms of a species 
manifest in their respective powers for conjunction 
with those of another species, physiological peculiari- 
ties which might well entitle them, by the criterion of 
fertility, to specific distinction.” 

Finally, although P. veris and vvlgaris^ when crossed 
legitimately, and especially when their hybrid offspring 
are crossed in this manner with both parent-species, 
were decidedly more fertile, than when crossed in an 
illegitimate manner, and although the legitimate cross 
effected by Mr. Scott between P. auriada and hirmta 
waa more fertile, in the ratio of <66 to 42, than the 
illegitimate cross, nevertheless it is very doubtful, 
from the extreme irregularity of the results in the 
various other hybrid crosses made by Mr. Scott, whether 
it can be predicted that two heterostyled species are 
generally more fertile if crossed legitimately {i,e. when 
.opposite forms are united) than when crossed illegiti- 
mately. 

Supplementary Nate on some wild hybrid Verbaseums. 

In BXt early part of this chapter I remarked that few 
other instances could be given of a hybrid spontane- 
ously arising in such large numbers, and over so wide«an 
extent of country, as that of the common oxlip ; but per- 
haps the number of well-ascertained cases of naturally 
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produced hybrid willows is equally great.* Numerous . 
spontaneous hybrids between several species of Oistus, 
found near Narbonne, have been carefully described 
by M. Timbal-Lagrave,t and many hybrids between an 
Aceras and Orchis have been observed by Dr. WeddelLJ 
In the genus Verbascum, hybrids are supposed to have 
often originated § in a state of nature ; some of these un- 
doubtedly are hybrids, and several hybrids have origi- 
nated in gardens; but most of these cases require, |{ as 
Gartner remarks, verification. Hence the following 
case is worth recording, more especially as the two 
species in question, F. ihapsua and lychnitiB^ are per- 
fectly fertile when insects are excluded, showing that, 
the stigma of each flower receives its own pollen. 
Moreover the flowers offer only pollen to insects, and 
have not been rendered attractive to them by secret- 
ing nectar. 

I transplanted a young wild plant into my garden 
for experimental purposes, and when it flowered it 
plainly differed from the two species just mentioAed 
and from a third which grows in this neighbourhood. I 
thought that it was a strange variety of F. thapsus. It 
attained the height (by measurement) of 8 feet ! It 
was covered with a net, and ten flowers were fertilised 
with pollen from the same plant ; later in the season, 
when uncovered, the flowers were freely visited, by • 
pollen-collecting bees; nevertheless, although^ many 
capsules were produced, not one contained a single 
seed. During the following year this same plant was 

* Max Wichiira, * DCe Bastard- S See, for instance, tie * Eng- 
befiruohtung, &c., der Weiden,* lish Flora/ by Sir J. £. Smitn. 
1866. 1824. vol.i.p. 307. 

t**Mdm.dcl’Acad.deB Sciences || See Gartner, ' Bastarderseu- 
de Toulouse,* 5* sdrie, tom. y. p. 28 gung/ 1849, p. 690. 

X 'Annales des So. Hat.' 8* 
s^rie, Bet. tom. xyiii. p. 6. 
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left uncovered near plants of F. ihapms and lychnUis ; 
*bat again it did not produce a single seed. Four 
flowers, however, which were repeatedly fertilised 
with pollen of F. lychnitis^ whilst the plant was tem- 
porarily kept under a net, produced four capsules, 
which contained five, one, two, and two seeds ; at the 
same time three flowers were fertilised with pollen of 
F. thapsusy and these produced two, two, and three 
seeds. To show how unproductive these seven capsules 
were, I may state that a fine capsule from a plant of 
F. thapsus growing close by contained above 700 seeds. 
These facts led me to search the moderately-sized field 
whence my plant had been removed, and I found in it 
many plants of F. thapsus and lyehnitis as well as 
thirty-three plants intermediate in character between 
these two species. These thirty-three plants differed 
much from one another. In the branching of the stem 
they more closely resembled F. lyehnitis than F. thapsu^^ 
but in height the latter species. In the shape of their 
leaves they often closely approached F. lyehnitis^ but 
some had leaves extremely woolly on the upper surface 
and dccurrent like those of F. thapsus ; yet the degree 
of woolliness and of decurrency did not always go 
together. In the petals being flat and remaining 
open, and in the manner in which the anthers of the 
^ longer stamens were attached to the filaments, these 
plants^all took more after F. lyehnitis than F. thapsus. 
In the yellow colour of the corolla they all resembled 
the latter species. On the whole, these plants appeared 
to take rather more after F. lyehnitis than F. thapsus. 
On the,supposition that they were hybrids, it is not an 
anomalous circumstance that they should all have pro- 
duced yellow flowers ; for Gartner crossed white and 
yellow-flowered varieties of Yerbascum, and the o^- 
spring thus produced never bore flowers of an inter- 
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mediate tint, but either pure white or pure yellow 
flowers, generally of the latter colour,* 

My observations were made in the autumn ; so that 
I was able to collect some half-matured capsules from 
twenty of the thirty-three intermedit^te plants, and 
likewise capsules of the pure F. lyclmUis and tkapm^ 
growing in the same field. All the latter were filled 
with perfect but immature seeds, whilst the capsules of 
the twenty intermediate plants did not contain oiif 
single perfect seed. Those plants, consequently, were* 
absolutely l)arren. Prom this fact, — from the one plant 
which was transplanted intt> my garden yielding whe^u 
artificially fertilised with pollen from F. hjehnitis and 
thapsus some seeds, though extremely few in number, — 
from the circumstance of the two pure species growing 
in the same field, — and from the intermediate character 
of the sterile plants, there can bo no doubt that th( v 
were hybrids. Judging from the position in wliicdi 
they were chiefly found, J am inclined to believe they 
were descended from F. thaps3/Ls as the seed-bearer, and 
F. lychnitis as the pollen-bearer. 

It is known that many species of Verbascum, when 
the stem is jarred or struck by a stick, cost off their 
flowers.t This occurs with F. thapsus^ as I have re- 
peatedly observed. The corolla first separates from its 
attachment, and then the sepals spcmtaneously bend^ 
inwards so as to clasp the ovarium, pushing off the 
corolla by their movement, in the course of two or 
three minutes. Nothing of this kind takes place with 
young barely expanded flowers. With Verbascuni lyeh- 
nitis and, as I believe, V.phoenicevm the corolla ii^not cast 

* * Bastaiderzeugung/ p. 807. Smith.' vol. it. p. 210. I was 

This was first oMerved W guideo to these refcreuocs by the 
Qoirea de Sena; see Sir J. E. Rev. W. A. Leighton, who ob- 
Snuth's * English Flora,' 1824, vol. served this same phenomenon witlt 
i. p. 311 ; also 'Life of Sir J. E. F. virgoimn. 
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off, however often and severely the stem may be struck. 
In this curious property the above-described hybrids 
took after V. thapaus; for 1 observed, to my surprise, that 
when I pulled off the flower-buds round the flowers 
which I wished to mark with a thread, the alight jar 
invariably caused the corollas to fall off. 

These hybrids are interesting under several points of 
view. First, from the number found in various parts 
of the same moderately-sized field. That they owed their' 
origin to insects flying from flower to flower, whilst col- 
lecting pollen, there can be no doubt. Although in- 
sects thus rob the flowers of a most precious substance, 
yet they do great good; for, as I have elsewhere 
shown,* the seedlings of V. thapms raised from flowers 
fertilised with pollen from another plant, are more 
vigorous than those raised from self-fertilised flowers. 
But in this particular instance the insects did great 
harm, as they led to the production of utterly barren 
plants. Secondly, these hybrids are remarkable &om 
diflering much from one another in many of their 
characters ; for hybrids of the first generation, if 
raised from uncultivated plants, are generally uni- 
form in character. That these hybrids belonged to 
the first generation we may safely conclude, from the 
aijsolute sterility of all those observed by me in a state 
(»f nature and of the one plant in my garden, excepting 
when artificially and repeatedly fertilised with pure 
pollen, and then the number- of seeds produced was 
extremiely small. As these hybrids varied so much, an 
almost perfectly gn^uated series of forms, connecting 
togetjier the two widely distinct parent-species, could 
easily have been selected. This* case, like that of 
the common oxlip, shows that botanists ought ^ be 


* ^ The Effeots of Ctoas and Self-fertiluaiion/ 1876, p. 89: 
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cautious in inferring the specific identity of two forms 
from the presence of intermediate gradations; nor 
would it be easy in the many cases in which hybrids are 
moderately fertile to detect a slight degree of sterility in 
such plants growing in a state of nature and liable to be 
fertilised by either parent-species. Thirdly and lastly, 
these hybrids offer an excellent illustration of a state- 
ment made by that admirable observer Gartner, namely, 
that although plants which can be crossed with ease 
generally produce fairly fertile offspring, yet well- 
pronounced exceptions to this rule occur ; and here we 
have two species of Verbascum which evidently cross 
with the greatest ease, but produce hybrids which are 
excessively sterile. 
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CHAPTEB III. 

Hbtebosttled Dimobfbzg VhKsn»-~eontxnued. 

Linum grandiflomm, long-styled form utterly sterile with own-form 
pollen— Linum perenne, torsion of the pistils in the long-styled 
form alone — Homostyled species of Linum— Pulmonnria officinalis, 
singular difference in self-fertility between the English and German 
long^tyled plants — Pulmonaria angustifolia shown to be a distinct 
species, long-styled form completely self-sterile — Polygonum fago- 
pymm- Various other heterostyled genera— Bubiaceie — Mitohella 
repens, fertility of the flowers in pairs— Houstonin — Faramea, 
remarkable difference in the pollen-grains of tho two forms ; tor- 
sion of the stamens in (he short-styled form alone ; development 
not as yet perfect— The heterostyled structure in the several 
Rubiaceous genera not due to descent in common. 

It has long been known* thatr several species of 
Linuin present two forms, and having observed this 
fact in L. Jlavum more than thirty years ago, I was 
led, after ascertaining the nature of heterostylism in 
Primula, to examine the first species of Linum which 
I met with, namely, the beautiful L. grandiflorum. 
This plant exists under two forms, occurring in about 
equal numbers, which differ little in structure, but 
greatly in function. The foliage, corolla, stamens, and 
pollen-grains (the latter examined both distended with 
water and dry) are alike in the two forms (Fig. 4). 
The difference is confined to the pistil ; in the short- 
styled form the styles and the stigmas are only about 
half the length of ||||fle,in the long-styled. A more 

* TrevirauuB has aLown tkat original paper, Zeiftiog/ 
thia U the case in hia review of my 1863, p. 189. 

G 
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important distinction is, that the five stigmas in the 
short-stjrled form diverge greatly from one another, 
and pass out between the filaments of the stamens. 


Fig. i. 



longrstyled form: Short-styled form. f 

8 a stigmas. 

LiNUJI ORANOIFLORUM.* 

a 

and thus lie within, the tulie of the corolla. In the 
long-styled form the elongated stigmas stand nearly 
upright and alternate with the anthers. In this latter 
form the length of the stigmas varies considerably, 
their upper extremities projecting even a little above 
the anthers, or reaching up only to about their middle. 
Nevertheless, there is never the slightest difSculty in 
distinguishing between the two forms ; for, besides the 
difference in the divergence of the stigmas, those of 
the short-styled form never reach even to the bases 
of the anthers. In this form the papillae on the stig- 
matio sur&ces are shorter, darker-coloured, and more 
crowded together than in the long-styled form; but 
theim differences SMm due merely to the shortening 
oi file stigma, for in the v^eties of the long-styled 
£i>i:qi with shorter stigmas, the papHlae are more crowded 
darker-coloured than in those with the longer 
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stigmas. Considering the slight and variable differ- 
ences between the two forms of this Linum, it is not 
surprising that hitherto they have been overlooked. 

In 1861 I had eleven plants in my garden, eight of 
which, were long-styled, and three short-styled. Two 
very fine long-styled plants grew in a bed a hundred 
yards off all the others, and separated from them by a 
screen of evergreens. I marked twelve flowers, and 
placed on their stigmas a little pollen from the shortr 
styled plants. The pollen of the two forms is, as 
stated, identical in appearance ; the stigmas of the 
long-styled flowers were already thickly covered with 
their own pollen — so thickly that I could not find one 
bare stigma, and it was late in the season, namely, 
September 15th. Altogether, it seemed almost childish 
to expect any result. ' Nevertheless from my experi- 
ments on Primula, 1 had faith, and did not hesitate to 
make the trial, but certainly did not anticipate the 
full result which was obtained. The germens of these 
twelve flowers all swelled, and ultimately six fine cap- 
sules (the seed of which germinated on the following 
year) and two poor capsules were produced ; only four 
capsules shanking off. These same two long-styled 
plants produced, in the course of the summer, a 
vast number of flowers, the stigmas of which were 
covered with their own pollen ; but they all proved 
absolutely barren, and their germens did not even 
swell. 

The nine other plants, six long-styled and three 
short-styled, grew not very far apart in my flower- 
garden. Four of these long-styled plants produced no 
seed-capsules ; the fifth product two ; and the remain- 
ing one grew so close to a short-styled plan^ that 
their branches touched, and this produced twelve ^p- 
sules, but they were poor ones. The case was different 

G 2 
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with the short^tyled plants. The one which grew 
close to the long-styled plant produced ninety-four 
imperfectly fertilised capsules containing a multitude 
of bad seeds, with a moderate number of good ones. 
The two other short-styled plants growing together 
were small, being partly smothered by other plants ; 
they did not stand very close to any long-styled plants, 
yet they yielded together nineteen capsules. These 
facts seem to show that the short-styled plants are more 
fertile with their own pollen than are the long-styled, 
and we shall immediately sec that this probably is the 
case. But 1 suspect that the difference in fertility be- 
tween the two forms was in this instance in part due to 
a distinct cause. I repeatedly watched the flowers, and 
only once saw a humble-bee momentarily alight on 
one, and then fly away. If bees had visited the several 
plants, tliere cannot be a doubt that the four long- 
styled plants, w'hich did not produce a single capsule, 
would have borne an abundance. But several times I 
saw small diptera sucking the flowers ; and these 
insects, though not visiting the floweiu with anything 
like the regularity of bees, would carry a little pollen 
from one form to the other, especially when growing 
near together: and the stigmas of the short-styled 
plants, diverging within the tube of the eorol^a, would 
be more likely than the upright stigmas of the Ipng- 
styled plants, to reeeive a small quantity of pollen if 
brought to them by small insects. SToreover ^m the 
greater number of the long-styled than of the short- 
styled plants in the garden, the latter would be more 
likely to receive pollen from the long-styled, than the 
long-styled from the short-styled. 

• In ^862 1 raised thirty-four plants of this Linum in a 
hotj)^ ; and these consisted of seventeen long-styled 
and seventeen short-styled forms. Seed sown later in the 
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flower-garden yielded seventeen long-styled and twelve 
short-styled forms. These facts justi^ the statement 
that the two fdjrms are produced in about equal num- 
bers. The thirty-four plants of the first lot were kept 
under a net which excluded all insects, except such 
minute ones as Thrips. I fertilised fourteen long-styled 
flowers legitimately with pollen from the short-styled, 
and got eleven fine seed-capsules, which contained on 
an average 8'6 seeds per capsule, but only 5*6 appeared 
to be good. It may bo well to state that ten seeds is 
the maximum production for a capsule, and that our 
climate cannot be very favourable to this North- African 
plant. On three occasions the stigmas of nearly a 
hundred flowers were fertilised illegitimately with their 
own-form pollen, taken from separate plants, so 'as to 
prevent any possible ill effects from close inter-breed- 
ing. Many other flowers were also produced, which, as 
before stated, must have received plenty of their own 
pollen ; yet from all these flow'ers, home by the seven- 
teen long-styled plants, only three capsules were pro- 
duced. One of these included no seedj and the other 
two together gave only five good seeds. It is probable 
that this miserable product of two half-fertile capsules 
from the seventeen plants, eacb of which must have 
produced at least fifty or sixty flowers, resulted from 
their fertilisation with pollen from the short-styled 
plants by the aid t)f Thrips ; for I made a great 
mistake in keeping the two. forms under the same net, 
with' their branches often interlocking ; and it is sur- 
prising that a greater number of flowers were not 
accidentally fertilised. , , 

Twelve short-styled flowers were in this' instance 
castrated, and afterwards fertilised legitimately with 
pollen from the long-styled form ; and .they pranced 
seven fine capsules. These included on an average 
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7*6 seeds, but of apparently good seed only 4*3 per 
capsule. At three separate times nearly a hundred 
flowers were feililised illegitimately wjth their own- 
form pollen, taken from separate plants; and nu- 
merous other flowers were produced, many of which 
must have received their own pollen. From all these 
flowers on the seventeen short-styled plants only fifteen 
capsules were produced, of which only eleven con- 
tained any good seed, on an average 4*2 per capsule. 
As remarked in the case of the long-styled plants, 
some even of these capsules were perhaps the product 
of a little pollen accidentally fallen from the adjoining 
flowers of the other form on to the stigmas, or trans- 
ported by Thrips. Nevertheless the short-styled plants 
seem to be slightly more fertile with their own pollen 
than the long-styled, in the proportion of fifteen cap- 
sules to three ; nor can this difference be accounted 
for by the short-styled stigmas being more liable to 
receive their own pollen t^n the long-styled, for the 
reverse is the case. The greater self-fertility of the 
short-styled flowers was likewise shown in 1861 by 
the plants in my flnweivgarden, which were left to 
themselves, and were but sparingly visited by insects. 

On account of the probability of some of the flow'ers 
on the plants of both forms, which were covered under 
the same net, having been legitimately fertilised in 
an accidental manner, the relative fertility of the' two 
legitimate and two illegitimate unions cannot be 
compared with certainty ; but judging from the 
number of good seeds per> capsule, the difference was 
at least in the ratjo of 100 to. 7, and probably much 
greater. ^ 

Hildebrand tested my resets, but only on a single 
shost-styled plant, by fertilising many flowers with 
their own-form pollen ; and these did not produce any 
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seed. This confirms my suspicion that some of the 
few capsules produced by the foregoing seyenteen 
short-styled plants were the produ^ of accidental 
legitimate fertilisation. Other flowers on the same 
plant' were fertilised by Hildebrand with pollen from 
the long-styled form, and all produced &uit.* 

The absolute sterility (judging &om the experi- 
ments of 1861) of the long-styled plants with their 
own-form pollen led me to examine into its apparent 
cause ; and the results are so curious that they are 
worth giving in detail. The experiments were tried 
on plants grown in pots and brought successively 
into the house. 

Mrat. Pollen from a short-styled plant was placed 
on the five stigmas of a long-styled flower, and these, 
after thirty hours, were found deeply penetrated by a 
multitude of pollen-tubes, far too numerous to be 
counted; the stigmas had also become discoloured 
and twisted. I repeated this experiment on another 
flower, and in eighteen hours the stigmas were pene- 
trated by a multitude of long pollen-tubes. T)iis is 
what might have been expected, as the union is a 
legitimate one. The converse experiment was likewise 
tried, and pollen from a long-styled flower was placed 
on the stigmas of a short-styled flower, and in twenty- 
fow hours the stigmas were discoloured, twisted, and 
penetrated by numerous pollen-tubes ; and this, again, 
is what might have been expected, as the union was 
a legitimate one. 

Secondly. Pollen from a long-styled flower was placed 
won all five stigmas of a long-style^ flower on a separate 
plant : after nineteen hours the stigmas were dissected, 
and only a single pollen-grain had emitted >a tube. 


‘Bot Zettnng,’ Jan, 1, 1864, p. 8. 
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and this was a yery diort one. To make sure that the 
pollen was good, I took in this ci^, and in most of 
the other cases, pollen either from the same anther or 
from the same flower, and proved it to be good by 
placing it on the stigma of a short-styled plant, and 
found numerous pollen-tubes emitted. 

Thirdly. Bepeated last experiment, and pl^d own- 
form pollen on all five stigmas of a long-styled flower ; 
after nineteen hours and a half, not one single grain 
had emitted its tube. 

Fourthly. Bepeated the experiment, with tho same 
result after twenty-four hours. 

Fifthly. Bepeated last experiment, and, after leaving 
pollen on for nineteen hours, puc o an additional 
quantity of own-form pollen on all li'^e stigmas. After 
an interval of three days, the stigmas were examined, 
and, instead of being discoloured' nd twisted, they 
were straight and fresh-coloured. Only on'' grain had 
emitted a quite sho^^' tube 'vhich was dra'vn out of 
the stigmati 4,uisue without being ruptured. 

The following experiments me more striking 

Sixthly. I placed own-form poll n on three of the 
stigmas of a long-styled flower, and polle* firom a 
short-styled flower on the other two stigmas. After 
twenty-two hours these two stigmas were discoloured, 
slightly twisted, and penetrated by the tubes of pn- 
merous pollen-grains : the other three stigmas, covered 
with their own-form pollen, were fresh, and all the 
poUen-grains were loose; but I did not dissect the 
whole stigma. « 

Seventhly. Experi^ient repeated in the same manner^ 
with the same result. 

EigbMy. Experiment repeated, but the stigmas were 
cueflilly .examined after an interval of only five hours 
and a half! The two stigmas with pollen from a 
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short-styled flower were penetrated by innumerable 
tubes, which were as yet short, and the stigmas them- 
selves were not at edl discoloured. The three stigmas 
covered with their own-form pollen were not pene- 
trated by a single pollen-tube. 

Ninthly. Put pollen of a short-styled flower on a 
single long-styled stigma, and own-form pollen on the 
other four stigmas; after twenty-four hours the one^ 
stigma was somewhat discoloured and twisted, and 
penetrated by many long tubes : the other four stigmas 
were quite straight and fresh ; but on dissecting them 
I found that three pollen-grains had protruded very 
short tubes int the tissue. 

Tenthly, Bopeated the experiment, with the same 
result after twenty-four h ->111.., excepting that only two 
own-form rra haJ penetrated the stigmatic tissue 
with thjir ti. ..1- to a very «^iort depth. The one 
stigma, which v' • deeply pent *ated by a multitude 
of tubes from the short-styled pollen, presented a 
conspicuous difference in being much curled, half- 
shrivelled, and discoloured, in comparison with the 
other four straight and brighi pink stigmas. 

I could add other experiments; but those now 
given amply siifiice to jhow that the pollen-grains of 
a short-styled flower plaeed on the stigma of a long- 
styled flower emit a multitude of tubes after an in- 
terval of from five to six hours, and penetrate the 
tissue ultimately to a great depth ; and that after 
twenty-four hours the stigmas thus pene^mted change 
colour, become twisted, and appear half-withered. On 
the other hand, pollen-grains from a long-styled flower 
placed on its own stigmas, do not emit their tubes 
after an interval of a day, or even three days^ or at 
most only three or four grains out of a multitude c 3 nit 
their tubes, and these apparently never penetrate the 



90 ' HETEBOSTYLED DIMOBPHIO PLANTS. Gbap. III. 


stigmatic tisane deeply, and the stigmas themselves 
do not soon become discoloured and twisted. 

This seems to me a remarkable physiological fact. 
The pollen-grains of the two forms are undistingnish- 
able under the microscope ; the stigmas differ only in 
length, degree of divergence, and in the size, shade of 
colour, and approximation of their papillee, these latter 
differences being variable and apparently due merely 
to the degree of elongation of the stigma. Yet we 
plainly see that the two kinds of pollen and the two 
stigmas are widely dissimilar in their mutual reaction 
— the stigmas of each form being almost powerless on 
their own pollen, but causihg, through some myste- 
rious influence, apparently by simple contact (ter 1 
could detect no viscid secretion), the pollen-grains of 
the opposite form to protrude their tubes. It may be 
said that the two pollens and the two stigmas mutually 
recognise each other by some means. Taking fertility 
as the criterion of distinctness, it is no exaggeration to 
say that the pollen of the long-styled Liwvm grandi- 
florvm (and conversely that of the other form) has been 
brought to a degree of differentiation, with respect to 
its action on the stigma of the same form, correspond- 
ing with that existing between the pollen and stigma 
of species belonging to distinct genera. 

lAuwaperetme . — This species is conspicuously hetero- 
styled, as has been noticed by several authors. The 
pistil in the Idng-styled form is nearly twice as long as 
that of the short-styled. In the latt^ the stigmas are 
smaller and, diverging to a greater degree, pass out 
low down betweeiv the filaments. I could detect no 
difference in the two forms in the size of the stigmatic 
papilite. In the long-styled form alone the stigmatic 
surfaces of the mature pistils twist round, so as to face 
the circumference of the flower; but to this point I 
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shall presently return. Differently from what occurs in 
Xf. grandiflorvmi the long-styled flowers have stamens 
hardly more than half the length of those in the short- 
styled. The size of the pollen-grains is rather variable ; 
after some doubt, I have come to the conclusion that 
there is no uniform difference between the grains in 
the two forms. The long stamens in the short-styled 
form project to some height above the corolli^ and 
their filaments are coloured blue apparently from ex- 
posure to the light. The anthers of the longer stamens 
correspond in height with the lower part of the stigmas 
of the long-styled flowers; and the anthers of the 
shorter stamens of the latter correspond in the same 
manner in height with the stigmas of the short-styled 
flowers. 

I raised from seed twenty-six plants, of which twelve 
proved to be long-styled and fourteen short-styled. 
They flowered well, but were not large plants. ^As I 
did not expect them to flower so soon, 1 did not trans- 
plant them, and they unfortunately grew with their 
branches closely interlocked. All the plants were 
covered under the same net, excepting one of each 
form. Of the flowers on the long-styled plants, twelve 
were illegitimately fertilised with their own-form pol- 
len, taken in^every case from a separate plant ; and not 
one se^ a seed-capsule : twelve other flowers were legi- 
timately fertilised with pollen from short-styled flowers ; 
and they set nine capsules; each including on an 
average 7 good seeds, ten being the maximum number 
ever produced. Of the flowers on the short-styled 
plants, twelve were illegitimately |ertilised with own- 
form pollen, and they yielded one capsule, including 
only 3 good seeds ; twelve other flowers were legiti- 
mately fertilised with pollen from long-styled flowers, 
and these produced nine capsules, but one was bad ; 
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the eight good capsules contained on an average 8 
good seeds each. Judging from the number of seeds 
per capsule, the fertility of the two legitimate to that 
of tho two illegitimate unions is as 100 to 20. 

The numerous flowers on the eleven long-styled 
plants.under the net, which were not fertilised, produced 
only three capsules, including 8, 4, and 1 good seeds. 
Whether these three capsules were the product of acci- 
dental legitimate fertilisation, owing to the branches 
of the plants of the two forms interlocking, I will not 
pretend to decide. The single long-styled plant which 
was left uncovered, and grew close by the uncovered 
short-styled plant, produced five good pods; but it 
was a poor and small plant. 

The flowers borne on the.thirteon short-styled plants 
under the net, which were not fertilised, produced 
twelve capsules, containing on an average 5 ’ 6 seeds. 
As some of these capsules were very fine, and as five 
were borne on one twig, I suspect that some minute 
insect had acoidentally got ^nder the net and had 
brought pollen from the other form to the flowers 
which produced this little group of capsules. The one 
uncovered short-styled plant which grew close to the 
uncovered long-styled plant yielded twelve capsules. 

From these facto we Lave some reason to believe, as 
in the case of L. ffrandiflonm, that the short-styled 
plants are in a slight degree more fertile with their 
own pollen than are the long-styled plants. Anyhow 
we have the clearest evidence, that the stigmas of each 
form require for full fertility that pollen from the sta- 
mens of corresponding height belonging to the opposite 
form should be brought to them. 

Hildebrand, in the paper lately referred to, confirms 
my results. He plarad a short-styled plant in his 
house, and fertilised about 20 flowers with their own 
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pollen, and about 30 with pollen from another plant 
belonging to the same form, and these 50 flowers did 
not set a single capsule. On the other hand he ferti- 
lised about 30 flowers with pollen from the long-styled 
form, and these, with the exception of two, yielded 
capsules, containing good seeds. ^ 

It is a singular fact, in contrast withiwhat occurred 
ill the case of Zr. grandiflorvm^ that the pollen-grains of 
both forms of L. peremie^ when placed on their own^ 
form stigmas, emitted their tubes, though this action 
did not lead to the production of seeds. After an 
interval of eighteen hours, the tubes penetrated the 
stigmatic tissue, but to wln^t depth I did not ascertain. 
In this case the impotence of the pollen-grains on their 
own stigmas must have been due either to the tubes 
not reaching the ovules, or to their not acting pro- 
perly after reaching them! 

Tlie plants both of L.perenne imAgrandiJlormri grew, 
as already stated, with their branches interlocked, and 
with scores of flowers of the two fonns close together ; 
they were covered by a rather coarse net, through which 
the wind, when high, passed ; and such minute insects 
as Thrips could not, of course, be excluded ; yet we have 
seen that the utmost possible anipunt of accidental fer- 
tilisation on seventeen long-styled plants in the one 
case, and on eleven long-styled plants in the other, 
resulted in the production, in each case, of three 
poor capsules; so that whep. the proper insects are 
ex!bluded, the wind does hardly anything in the way of 
carrying pollen from plant to plant. I allude to this 
fact because botanists, in speaking^of the fertilisation 
of various flowers, often refer to the wind or to insects 
as if the alternative were mdiflferent. This view, ac- 
cording to my experience, is entirely erroneous. When 
the wind is the agent in carrying pollen, either from 
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one sex to the other, or from hermaphrodite to herma- 
phrodite, ve can recognise structure as manifestly ad- 
apted to its action as to that of insects when these are 
the carriers. We see adaptation to the wind in the in- 
coherence of the pollen, — ^in the inordinate quantity 
produced (as in the Ooniferse, Spinage, &c .), — ^in the 
^Angling anthacs well fitted to shake out the pollen, — 
in the absence or small size of the perianth, — in the 
protrusion of the stigmas at the period of fertilisation, 
— ^in the flowers being produced before they are hidden 
by the leaves, — and in the stigmas being downy or 
plumose (as in the Graminem, Docks, &c.), so as to 
secure the chance-blown grains. In plants which are 
fertilised by the wind, the flowers do not secrete nectar, 
their pollen is too incoherent to be easily collected by 
insects, they have not bright-coloured corollas to serve 
as guides, and they are not, as far as I have seen, 
visited by insects. When insects are the agents of fer- 
tilisation (and this is incomparably the more frequent 
case with hermaphrodite plants), the wind plays no 
part, but we see an endless number of adaptations to 
ensure the safe transport of the pollen by the living 
workers. These adaptations are most easily recognise*! 
in irregular flowers; but they are present in regular 
flowen^ of which those of Linum offer a good instance, 
as I will now endeavour to show. 

I have already alluded to the rotation of each sepa- 
rate stigma in the long-styled form of Limmjperenne. 
In both forms of the other heterostyled species snd*in 
the homostyled species of Linum which I have seen, 
the stigmatic surfaces face the centre of the flower, 
with the furrowed backs of the stigmas, to which tire 
styles -are attached, facing outwards. This is tire case 
with the stigmas of the long-styled flowers of L. 
perenne whilst in bud. But by the time tire flowers 
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have expanded, the five stigmas twist round so as to 
face the ciroomferenoe, owing to the torsion of that 
part of the style which lies beneath the stigma. I 
should state that the five stigmas do not always turn 
round completely, two or three sometimes facing 
only obliquely outwards. My observations were .made 
during October; and it is not improbable that earlier 
in the season the torsion would have been more com- 
plete ; for after two or three cold and wet days the- 
movement was very imperfectly performed. . The 
flowers should be enunined shortly after their ex- 
pansion, as their duration is brief ; as soon as they 
begin to wither, the styles become spirally twisted 
all together, the original position of the parts being 
thus lost. 

He who will compare, the structure of the whole 
flower in both forms of L. f&remM and grandijkrvm, 
and, as I may add, of L,fiavmi, will not doubt about 
the meaning of this torsion of the styles in the one 
form alone of L. perenm, as well as the meaning of 
the divergence of the stigmas in the short-styled 
form of all three species. It is absolutely necessary 
as we know, that insects should carry pollen from 
the flowers of the one form reciprocally to those of 
the other. Insects *are attracted by five drops of 
nectar, secreted exteriorly at the base of the stamens, 
so that to reach these drops they must insert their 
proboscides outside the ring of broad filaments, be- 
tween .them and the petals. In the short-styled form 
of the above three species, the stigmas face the axis of 
the flower ; and had the styles retained their original 
upright and central position, not only would the stig- 
mas have presented their backs to the insects which 
sucked the flowers, but their front and fertile surfaces 
would have been separated from the entering insects 
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by the ring of broad filaments, and would* never have 
received any pollen. As it is, the styles diverge 
and pass out between the filaments. After this move- 
ment the short stigmas lie within the tube of the 
corolla ; and their papillous sur&ces being now turned 
upwards are necessarily brushM by every entering 
insect, and thus receive the required'poUen. 

.In the long-styled form of L. ffrandifiortm, the 
almost parallel or slightly diverging anthers and 
stigmas project a little above the tube of the somewhat 
concave flower ; and they stand directly over the open 
space^ leading to the drops of nectar. Consequently 
when insects visit the flowers of either form (for the 
stamens in this species occupy the same position in 
both forms), they will got their foreheads or proboscides 
well dusted with the coherent pollen. As soon as they 
visit the flowers of the long-styled form they will 
necessarily leave pollen on the proper surface of the 
elongated stigmas; and when they visit the short- 
styled flowers, they will leavq pollen on the upturned 
stigmatic surfaces. Thus the 'stigmas of both forms 
wiU receive indifferently the pollen of both forms ; 
but we know that the pollen alone of the opposite form 
causes fertilisation. 

In the case of Jj. pereme, oBaita are arranged more 
perfectly ; for the stamens in the two forms stand at 
different heights, so that pollen from the anthers- of 
the longer stamens will adhere to one' part of an 
insect’s body, and will afterwards be brushed off by 
the rough stigmas of the longer pistils ; whilst pollen 
from the anthers of the shorter stamens will adhere to 
a different part of the insect’s body, and will afterwards 
be brushed off by the stigmas of the shorter pistils ; 
ai^ this is what is required for the legitimate fertilisa-. 
tion of both forms. The corolla of L. perenne is more 
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expanded than that of L, gmndiflovvm, and the stigmaa 
of the long-stjled form do not diverge greatly from 
one another; nor do the stamens of either form. 
Hence insects, especially rather small ones, will not 
insert their proboscides between the stigmas of the 
long-styled form, nor between the anthers of either 
form (Fig. 5), but will strike against them, at nearly 
right angles, with the backs of their head or thorax. 
Now, in*the long-styled flowers, if each stigma did 


Fig. 5. 



J^ong-^tyled form of L. perbnnb, var. Aoitriacum in ita earl^ condition 
bofore the stigmas have rotated. The petals and caljz hare been 
removed on the near side.* 


*not rotate on its axis, insects in visiting them would 
strike their heads against the backs of the stigmas ; as 
it is, they strike against that surface which is covered 

* I neglected to get dmwingB firom published engravings. Uis 
made from fresh flowers of the two weiMmown skill ensures aoounusy 

fbims. But Mr. Fitch has made iv the pioporiiooal size of the 
the above sketch of a long^styled parts. * 

flower from dried speoimeiis and 

H 
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with papillae, with their heads already- charged with 
pollen- from the stamens of corresponding height 
borne by the flowers of the other form, and legitimate 
fertilisation is thus ensured. 

Thus we can understand the meaning of the torsion 
of the styles in the long-styled flowers alone^ as well 
as their divergence in the short-styled flowers. 

One other point is worth notice. In botanical works 
many flowers are said to be fertilised in the bud. This 
statement generally rests, as far as I can discover, on 
the anthers opening in the bud; no evidence being 
adduced that the stigma is at this period mature, or 
that it is not subsequently acted on by pollen brought 
from other flowers. In the case of Cephalanthera 
grandijlora I have shown* that precocious and partial 
self-fertilisation, with subsequent full fertilisation, is 
the regular course of events. The belief that the 
flow'ers of many plants are fertilised in the bud, that 
is, are perpetually self-fertilised, is a most effectual bar 
to understanding their real structure. 1 am, however, 
far from wishing to assert that some flowers, during 
certain seasons, are not fertilised in the bud ; for I 
have reason to believe that this is the case. A goorl 
observer,! resting his belief on the usual kind of 
evidence, states that in Linim Austriaoum (which is 
heterostyled, and is considered by Planchon as a variety 
of L. perenne) the anthers open the evening before 
the expansion of the flowers, and that the stigmas ore 
then almost always fertilised. Now we know positively 
that, so far from Linum permne being fertilised by its 
own pollen in the bud, its own pollen is as powerless 
on the stigma as so*much inorganic dust. 

Linum flavum. — The pistil of the long-styled form 

* *Ferti1jflation of OzchidB,’ t ^Etades sur la Odogr. Bot.,* 
p. 108.-2nd edit. 1877, p. 81 H. Leooq, 1856, tom. ▼. p. 325. 
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of this species is nearly twice as long as that of 
the short-styled; the stigmas are longer and the 
papillae coarser. In the short-styled form the stigmas 
diverge and pass out between the filaments, as in tile 
previous species. The stamens in the two forms differ 
in length; and, what is singular, the anthers of the 
longer , stamens are not so long as those of the other 
form ; so that in the short-styled form both the stigmas 
and the anthers are shorter than in the long-styled 
form. The jK)llen-grains of the two forms do not diffe/ 
in size. As this species is propagated by cuttings, 
generally all thof plants in the same garden belong to 
the same form. I have inquired, but have never heard 
of its seecb'ng in this country. Certainly my own plants 
never produced a single seed as long as I possessed 
only one of the two forms. After considerable gearch 
I procured both forms, but from want of time only a few 
experiments were made. Two plants of the two forms 
were planted some way apart in my garden, and were 
not covered by nets. Three flowers on the long-styled 
plant were legitimately fertilised with pollen from the 
short-styled plant, and one of them set a fine capsule. 
No other capsules were produced by this plant. Three 
flowers on the short-styled plant were legitimately 
fertilised with pollen from the long-styled, and all 
three produced capsules, containing respectively no 
less than 8, 9, and 10 seeds. Three other flowers on 
this plant, which had not been artificially fe^lised, 
produced capsules containing 5, 1, and 5 seeds ; and 
it is quite possible that pollen may have been 
brought to them by insects from the long-styled plant 
growing in the same garden. Nevertheless, as they 
^d not yield half the number of seeds compared 
with the other flowers on the same plant which^had 
been artificiidly and legitimately fertilised, and as the 
• H 2 
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short-styled plants of the two previous species appa- 
rently evince some slight capacity for fertilisation vdth 
their own-form pollen, these three capsules may have 
been the product of self-fertilisation. 

Besides the three species now described, the yellow- 
flowered L. earyrrMfervm is certainly heterostyled, 
as is, according to Flanchon,* L. satsdoides. This 
botanist is the only one who seems to have inferred 
that heterostylism might have some important func- 
tional bearing. Dr. Alefeld, who has made a special 
study of the genus, saysf that about half of the sixty- 
flve species known to him arc heterostyled. This is 
the case with i. irigynum^ which differs so much from 
the other species that it has been formed by him into 
a distinct genus4 According to the same- author, 
none gf the species which inhabit America and the 
Cape of Good Hope are heterostyled. 

I have examined only three homostyled species, 
namely, L. usitaiissimum, angmtifolivm, and ccUharti- 
cum. I raised 111 plants of a v^iety of the first-named 
species, and these, when protected under a net, all 
produced plenty of seed. The flowers, according to 
H. Muller, § are frequented by l)ees and moths. With 
respect to L. ccUharticum^ the same author shows that 
the flowers are so constructed that they can freely 
fertilise themselves; but if visited by insects they 
might be cross-fbrtilised. He has, however, only once 
seen the flowers thus visited during the day ; but it 


* Hooker's * London Journal of 
Botany;' IS48, vol. vii. p. 174. 

t ‘Bot. Zeitung/ Sep. ISlh, 
1863, p. 281. 

t It is not improbable that the 
alned^nuB, Hugonia, is hetero- 
sfylenT for one species is said 
by Planchon (Hooker’s * London 


Journal of Botany,’ 1848, vol. 
viL p. 525) to be f^vided with 
** stuminibus essertis another 
vith btylis starofnibus longiori- 
bus,*' and another has ** stamina 
5, majorai stylos longe anperantla,” 
§ * Die Befrnehtung der Bln- 
men,' Aa, p. 168. 
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may be suspected that they are frequented during 
the night by small moths for the sake of the five 
minute drops of nectar secreted. Lastly, L, Leunsii 
is said by Planchon to bear on the same plant flowers 
with stamens and pistils of the same height, and 
others with the pistils either longer or shorter than 
the stamens. This case formerly appeared to me an 
extraordinary one ; but I am now inclined to believe 
that it is one merely of great variability.* 

PULMONABIA (BoBAGINBAI). 

Pvimonaria officinaHs . — Hildebrand has published f 
a full account of this heterostylcd plant. The pistil 
of the long-styled form is twice as long as that of the 
short-styled ; and the stamens differ in a corresponding, 
though converse, manner. There is no marked dif- 
ference in the shape or state of surface of the stigma 
in the two forms. The pollen-grains of the short- 
styled form are to those of the long-styled as 9 to 7, 
or as 100 to 78, in length, and as 7 to 6 in breadth. 
They do not differ in tl^p appearance of their contents. 
The corolla of the one form differs in shape from that 
of the other in nearly the same manner as in Primula ; 
but besides this difference the flowers of the short- 
styled are generally the larger of the two. Hilde- 
brand collected on the Siebengebirge, ten wild long- 
styled and ten short-styled* plants. The former bore 
289 flowers, of which 186 (i.e. 64 per cent.) had set 
fruit, yielding 1*88 seed per fruit. The ten short- 
styled plants bore 373 flowers,* of which 262 (i.e. 


* Planohon, in Honker’s * Tjon- of Science.* vol. xxxyi. Sept. 1868, 

don Journal of Botany/ 184S, vol. p. 284. • 

vii. p. 175. See im this subject t * Bot. Zeitung,* 1865, Jan. 18, 
Asa Gray, in * Ameiicau Journal p. 13. 
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70 per cent.) had set fruit, yielding 1*86 seed per 
tmt. So that the short-styled plants produced many 
more flowers, and these set a rather larger proportion 
of fruit, but the fruits themselves yielded a slightly 
lower average number of seeds than did the long- 
styled plants. The results of Hildebrand’s experiments 
on the fertility of the two forms are given in the fol- 
lowing table,: — 


Table 19. 

Fidmonaria rffidnalis {from fftldehrand). 


Nature of Union. 

Number 

of 

Flowers 

fertilised. 

Number 
of Ki lilts 
produced. 

Average 
Number 
or Seeds 
per Fruit. 

Loag-atyled flowers, by pollen of short-l 
styled. Legitimate union . . . . / 

14 ^ 

10 

1-30 

Long-styled flowers, 14 by own-pollen, j 
and 16 by pollen of other plant of same> 
form. Illegitimate union • . . . ) 

30 

0 

0 

Short-styled flowers, by pollen of long-V 
styled. Legitimate union . . . .L 

16 . 

14 

1-57 

Short-styled flowers, 11 by own pollen, | 
14 by pollen of other plant of sanTeV 
form. Illegitimate union . . . . j 

1 1 

' 25 

0 

0 


In the summer of 1864, before I had heard of Hilde- 
brand’s experiments, I noticed some long-styled plants 
of this species (named for me by Dr. Hooker) growing 
by themselves in a garden in Surrey; and to my 
surprise about half the flowers had set fruit, several 
of which contained % and one contained even 3 seeds. 
These seeds were sown in my ga^en and eleven 
seedlings thus raised, all of which proved long-styled, 
in accordance with the usual ru}e in such cases. Two 
years afterwards the plants were left uncovered, no 
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other plant of the same genus growing in my garden, 
and the flowers were visited by many bees. They set 
an abundance of seeds : for instance, I gathered from a 
single plant rather less than half of the seeds which it 
had produced, and they numbered 47. Therefore this 
illegitimately fertilised plant must have produced about 
100 seeds ; that is, thrice as many as one of the wild 
long-styled plants collected on the Siebengebirge by 
Hildebrand, and which, no doubt, had been^egitimately 
fertilised. In the following year one of my plants 
was covered by a net, and even under these un- 
favourable conditions it produced spontaneously a 
few seeds. It should be observed that as the flowers 
stand either almost horizontally or hang considerably 
downwards, pollen from the short stamens would be 
likely to fall on the stigma. We thus see that the 
English long-styled plants when illegitimately ferti- 
lised were highly fertile, whilst the German plants 
similarly treated by Hildebrand were completely 
sterile. How to account for this wide discordance in 
our results I know not. Hildebrand cultivated his 
plants in pots and kept them for a time in the house, 
whilst mine were grown out of doors ; and he thinks 
that this difference of treatment may have caused 
the difference in our results. Biit this does not appear 
to me nearly a sufficient cause, although his plants 
were slightly less productive than the wild ones growing 
on the Siebengebirge. My plants exhibited no ten- 
dency to become equal-styled, so as to lose their proper 
long-styled character, as not rarely happens under 
cultivation with several heteros^led species of Pri- 
mula ; but it would appear that they had been greatly 
affected in function, either by long-continued cultiva- 
tion or by some other cause. We shall see ^in a 
future chapter that heterostyled plants illegitimately 
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fertilised during seyeral suceessive generations some- 
times become more self-fertile ; and this may have 
been the case with my stock of the present species 
of Fulmonaria; but in this case we must assume 
that the long-styled plants were at first sufficiently 
fertile to yield some seed, instead of being absolutely 
self-sterile like the German plants. 

Pulmonaria angustifclia , — Seedlings this plant, 

raised from*plants growing wild the Isle of Wight, 
were named for me by Dr. Hooker. It is so closely 
allied to the last species, differing chiefly in the shape 
and spotting of the leaves, that the tv’*' have, been con- 
sidered by se> viral eminent botanists^ . for instance, 
Bentham — as mere varieties. P^' Ua we shall presently 
see, good evidence can be assigned for ’•a king them 
as distinct. Owing to the doubts on this head, I tried 
whether the two vould mutually fertilise ^ne another. 
Twelv short-styled flowors of P. angnsU/olia were 
legitimately fertilised with pollen from long-styled 
plants of P. offidnjdid (which, <»s wo have just seen, arr 
moderately self-fertile), but thny did not produce a 
single fruit. Thirty-six long-styled flowers of P. 
angwtifdlia were also illegitimately fertilised during 
two seasons with pollen rrom the long-styled P* 
officinalis, but all these flowers dropped off unim- 
pregnated. Had the plants been mere varidties of 
the same species these illegitimate crosses would 
probably have yielded some seeds, judging from my 
success in illegitimately fertilising the long-styled 
flowers of P. officinalis; and the twelve legitimate 
crosses, instead of yielding no fruit, would almost 
certainly have yielded a considerable number, namely, 
about nine, judging from the results giyen in the fol- 
lowing table (20). Therefore P. officinalis and angustir 
folia appear to be good and distinct species, in 
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confomity Trith othdr important fimctional differencea 
between them, immediately to be described. 

The long-styled and short-styled flowers of P. angw- 
Hfeilia difier from one another in structure in nearly 
the same manner as those of P. offietnalta. But in the 
accompanying figure a slight bulging of the corolla 


'*g. 8. 



Lotig>sty1ca P* ort-styled form. 

P0l ‘RIA .NOT^^TIPOUA 


in the long-styled form, where the anthers are seated, 
has Ijeen overlooked. My son WilUiun, who examined 
a large number of Id plants in the Isle o' Wight, 
d rved that the corolla, though variable in sisse, was 
gouuiallj larger in the long-styled flowers than in the 
short-styled ; and certainly the largest corollas of all 
were found on the long-styled plants, and the smallest 
on the- short-styled. Exactly the reverse occurs, ac- 
cording to Hildebrand, with P. officinalis. Boj;h the 
pistils and stamens of P. angitstiMia vary much in 
length ; so that in the short-styled form the distance 
betwe^ the stigma and the anthers varied from 119 
to 65 divisions of the micrometer, and in the* lang- 
styled from 115 to 112. From an average of seven 
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measurements of each form the distance.between these 
organs in the long-styled is to the same distance in 
the short-styled form as 100 to 6.9 ; so that tho stigma 
in the one form does not stand on a level with the 
anthers in the other. The long-styled pistil is some- 
times thrice as long as that of the short-styled ; hut 
from an average of ten measurements of both, its 
length to that of the short-styled was as 100 to 56. 
The stigma varies in being more or less, though 
slightly, lobed. The anthers also vary much in 
length in both forms, but in a greater degree in the 
long-styled than in the short-styled form; many in 
the former being from 80 to 63, and in the latter 
from 80 to 70 divisions of the micrometer in length. 
From an average of seven measurements, the short- 
styled anthers were to those from the long-styled as 
100 to 91 in length. Lastly, the pollen-grains from 
the long-styled flowers varied between 13 and 11*5 
divisions of the micrometer, and those from the short- 
styled between 15 and 13. The average diameter of 
25 grains from the latter, or, short-styled form, was 
to that of 20 grains from the long-styled as 100 to 
91. We see, therefore, that the pollen-grains from 
the smaller anthers of the shorter stamens in the long- 
styled form are, as usual, of smaller size than those 
in the other form. Bui, what is remarkable, a larger 
proportion of the grains were small, shrivelled, ^d 
worthless. This could be seen by merely comparing 
the contents of the anthers from several distinct plants 
of each form. But in one instance my son found, by 
counting, that out. of 193 grains from a long-styled 
flower, 53 were bad, or 27 per cent. ; whilst out of 
265 grains from a short-styled flower only 18 were 
bad)i or 7 per cent. From the condition of the pollen 
in the long-styled form, and' from the extreme varia- 
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bility of all the organs in both forms, we may perhaps 
suspect that the plant is undergoing a change, and 
tending to become dioecious. 

My son collected in the Isle of Wight on two occa* 
sions 202 plants, of which 125 were long-styled and 
77 short-styled ; so that the former were the more 
numerous. On the other hand, out of 18 plants raised 
by mo from seed, only 4 were long-styled and 14 
sWrt-styled. The short-styled plants seemed to my 
son to produce a greater niunber of flowers than the' 
long-styled ; and he come to this conclusion before a 
similar statement had been published by Hildebrand 
with respect to P. officinalis. My son gathered ten 
branches from ten different plants of both forms, and 
found the number of flowers of the two forms to be as 
100 to 89, 190 being short-styled and 169 long-styled. 
With P. offidnalis the difference, according to Hilde- 
brand, is even greater, namely, as 100 flowers for the 
short-styled to 77 for the long-styled plants. The 
following table shows the results of my experi- 
ments 

Table 20. 

Pulmonaria angustifolia. 


Nature of the Unton. 

■Number 

of 

Flot^era ! 
fertilised. 

Number 

ot 

Fruits 

produced. 

Average 
Number of 
Seeds 
per Fruit, 

Long-styled flowers, by pollen of short-l 
styled. Legitimate union . . . . / 

18 

■ ' * ' 

9 

2‘11 

Long-styled flowers, by own-form pollen.l 
Illegitimate union / 

18 

1 ' 

B 

0 

Short-styled flowers, by pollen of long-l 
styled. Legitimate union . . . . / 

• 

18 

15 

2-60 

Short-styled flowers, by own-form poUen.l 
Illegitimate union / 

12 

B 

1*J86 

1 
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We see in this table that the fertility of the two 
legitimate unions to that of the two illegitimate 
together is as 100 to 35, judged by the proportion of 
flowers which produced fruit ; and as 100 to 32, judged 
by the average number of seeds per fruit. But the 
small number of fruit yielded by the 18 Iqng-styled 
flowers in the first line was probably accidental, and 
if so, the difference in the proportion of legitimately 
and illegitimately fertilised flowers which yield fruit is 
really greater than that represented by the ratio of 
100 to 35. The 18 long-styled flowers illegitimately 
fertilised yielded no seeds,— not even a vestige of one. 
Two long-styled plants which were placed under a net 
produced 138 flowers, besides those which were arti- 
ficially fertilised, and none of these set any fruit ; nor 
did some plants of the same form which were pro- 
tected during the next summer. Two other long- 
styled plants were left uncovered (all the short-styled 
plants having been previously covered up), and 
humble-bees, which had their foreheads white with 
pollen, incessantly visited the flowers, so that their 
stigmas must have received an abundance of pollen, 
yet these flowers did not produce a single fruit. We 
may therefore conclude that the long-styled plants 
are absolutely barren with their own-form pollen, 
though brought from a distinct plant. In this re- 
spect theyjiiffer greatly from the long-styled English 
plants of P. officinalis which were found by me to 
be moderately self-fertile; but they agree in their 
behaviour with the German plants of P. offioinaliB 
experimented on b^ Hildebrand. 

Eighteen short-styled flowers legitimately fertilised 
yielded, as may be seen in Table 20, 15 fruits, oach 
having on an average 2*6 seeds. Four of these fruits 
contained the highest possible number of seeds, namely 
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4, and four other fruits contained each 3 seeds. The* 
12 illegitimately fertilised short-styled flowers yielded 
7 fruits, including on an average 1*86 seed; and one 
of these fruits contained the maximum number of 
4 seeds. This result is very surprising in contrast 
with the absolute barrenness of the long-styled flowers 
when illegitimately fertilised ; and I was thus led to 
attend carefully to the degree of self-fertility of the 
short-styled plants. A plant belonging to this form and 
covered by a net bore 28 flowers besides those which 
had been artificially fertilised, and of all these only 
two produced a fruit each including a single seed. This 
high degree of self-sterility no doubt depended merely 
on the stigmas not receiving any pollen, or not a suffi- 
cient quantity. For after carefully covering all the 
long-styled plants in my garden, several short-styled 
plants were left exposed to the visits of humble-bees, 
and their stigmas will thus have received plenty of 
short-styled pollen; and now about half the flowers, 
thus illegitimately fertilised, set fruit. I judge of this 
proportion partly from estimation and partly from 
having examined three large branches, which had borne 
31 flowers, and these produced 16 fruits. Of the fruits 
produced 233 were collected (many being left un- 
gathered), and these included on an average 1*82 
• seed. No less than 16 out of the 233 fruits included 
the highest possible number of seeds, namely 4, and 
31 included 3 seeds. So we see how highly fertile 
these short-styled plants were when illegitimately fer- 
tilised with their own-form pollen by the aid of bees. 

The great difference in the fertility of the long and 
short-styled flowers, when both are illegitimately fer- 
tilised, is a unique case, as far as 1 have observed with 
heterostyled plants. The long-styled flowers when tlfos 
fertilised are utterly barren, whilst about half, of the 
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short-styled ones produce capsules; and these include a 
little al^ye two-thirds of the number of seeds yielded 
by them when legitimately fertilised. The sterility of 
the illegitimately fertilised long-styled flowers is prob- 
ably increased by the deteriorated condition of their 
pollen ; nevertheless this pollen was highly efficient 
, when applied to the stigmas of the short-styled flowers. 
With several species of Primula the short-styled 
flowers are much more sterile than the long-styled, 
when both are illegitimately fertilised; and it is a 
tempting view, as formerly remarked, that this greater 
sterility of the short-styled flowers is a special adapta- 
tion to check self-fertilisation, as their stigmas are 
eminently liable to receive their own pollen. This view 
is even still more tempting in the case of the long- 
styled form of lAnum grandijloruni^. On tho other 
hand, with Ptdnionaria angusiifolia, it is evident, from 
the corolla projecting obliquely upwards, that pollen 
is much more likely to fall on, or to be carried by 
insects down to the stigma of the short-styled than of 
the long-styled flowers ; yef the short-styled instead 
of being more sterile, as a protection against self-ferti- 
lisation, are far more fertile than the long-styled, 

^ when both arc illegitimately fertilised. 

Pulmonaria azurea, according to Hildebrand, is not 
heterostyled.* 

From an examination of dned flowers of Amainckia apectahilia, 
sent me by Prof. Asa Gray, 1 formerly thought that this plant, 
a member of the Boragineee, was hcterostyled. The pistil 
varies to an extraordinary degree in length, being in some 
specimens twice as long as in others, and the point of insertion 
of the stamens like^se varies. But on raising many plants 
flrom seed, I soon became convinced that the whole case was 
one of mere variability. The first-formed flowers are apt to 


* ‘ Die GeflchleGhter-Yertbeilung bei den Pflanzen,* IflGT, p, 87. 
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have stamens somewhat arrested in development, with very 
little pollen in their anthers ; and in such flowers the stigma 
projects above the anthers, whilst generally it stands below and 
sometimes on a level with them. I could detect no difference 
in the size of the pollen-grain or in the structure of the stigma 
in the plants which differed most in the above respects ; and all 
of them, when protected from the access of insects, yielded 
plenty of seeds. . Again, from statements made by Yauchcr, and 
from a hasty inspection, J, thought at first that the ^ed 
Atichusa arvensis mdEchium vui^a/ewere heterostyled, but soon 
saw my evor. From information given me, I examined dried 
flowers of another member of the Boragiuoae, Atnebia hispidis- 
»ima, collected from several sites, and though corolla, to- 
gether with the included organs, differed much in length, there 
was no sign of heterostylism. 


Polygonum pagopyrum (Polygonace.®). 

Hildebrand has shown that this plant, the common 
Buck-wheat, is heterostyled.* In the long-styled form 
(Fig. 7), the three stigmas project considerably above 
the eight short stamens, and stand on a level with the 
anthers of the eight long stamens in the short-styled 
form; and so it is conversely with the stigmas and 
stamens of this latter form, I could perceive no differ- 
ence in the structure of the stigmas in the two forms. 
The pollen-grains of the short-styled form are to those 
of the long-styled as 100 to 82 in diameter. This plant 
is therefore without doubt heterostyled. 

I experimented only in an imperfect manner on 
the relative fertility of the two forms. Short-styled 
flowers . wore dragged several times over two heads 
of flowers on long-styled plants, protected under a net, 
which were thus legitimately, thoi\gh not fully, ferti- 
lised. They produced 22 seeds, or 11 per flower-head. 

Three flower-heads on long-styled plants received 


* ^Die GeBohleobteF-YertheiluDg,* to., 1867| p. 34, 
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pollen in the same manner from othet longHstyled 
plants, and were thus illegitimately fertilised. They 
produced 14 seeds, or only 4' 66 per flower-head. 

Two flower-heads on short-styled plants received 
pollen in like manner *from long-styled flowers, and 
were thus legitimately fertilised. They produced 8 
seeds, or 4 per flower-head. 


Fig. 7. 




tipper figure, the long-stjrlod form ; lower figure, the short-etyled. 

Some of the anthers hare dehisced, others hare not. 

PoLraoKUH FAGOPratTM. (From H. Mtiller.) 

Four heads on short-styled plants similarly received 
pollen &om other short-styled plcmts, and were thus 
illegitimately fertilised. They produced 9 s^s, or 
2*26 per flower-hea!cL 

The results from fertilising the flower-heads'in the 
abcare imperfect manner cannot be fully trusted ; but 
I may state that the four legitimately j^rtilised flower- 
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heads yielded on an average 7 ’50 seeds per head; 
whereas the seven illegitimately fertilised heads 
yielded less than half the number, or on an average 
only 3*28 seeds. The legitimately crossed seeds from 
the long-styled flowers were finer than those from the 
illegitimately fertilised flowers on the same plants, in 
the ratio of 100 to 82, as shown by the weights of an 
equal number. 

About a dozen plants, including both forms, were 
protected under nets, and early in the season tliey pro- 
duced S])(mtanoously hardly any seeds, though at this 
period the artificially fertilised flowers produced an 
abundance ; but it is a remarkable fact that later in 
the season, during September, both forms became 
highly self-fertile. They did not, however, produce 
so many seeds as some neighbouring uncovered plants 
which were visited by insects. Therefore the flowers 
of neither fonu when left to fertilise themselves late 
in the season without the aid of insects, arc nearly so 
sterile as most other heterostylcd plants. A large 
number of insects, namely 41 kinds as observed by H. 
Muller,* visit the flowers for the sake of the eight 
drops of nectar. He infers from the structure of the 
flowers that insects would bo apt to fmtilise them both 
illegitimately as well as Icgitimalcly ; but he is mis- 
taken in supposing that the long-styled flowers cannot 
spontaneously fertilise themselves. 

Differently to what occurs in the other genera 
hitherto noticed, Polygonum*, though a very large 
genus, contains, jis far as is at present known, only a 
single heterostylcd species, namely the present one. 
H. Muller in his interesting description of several 


• * Die Befruchtvuxg/ &c., p. 175, and • Nature^* Jan. 1, 1874, p. fISC. 
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othe^ species shows that P. historta is so strongly pro- 
terandrous (the anthers generally falling off before the 
stigmas are mature) that the flowers must be cross- 
fertilised by the many insects which visit them. Other 
species bear much less conspicuous flowers which se- 
crete little or no nectar, and consequently are rarely 
visited by insects ; these are adapted for self-fertilisa- 
tion, though still capable of cross-fertilisation. Ac- 
cording to Delpino, the Polygonacete are generally 
fertilised by the wind, instead of by insects as in the 
present genus. 


Leucosmia Bubnettiana (Thtmbli.s!). 

As Prof. Asa Gray lias expressed his belief* that this species 
and L, acuminata, as well as some species in the allied gemis 
Drymispermum, are diinorpliic or hcterostyled, I procured 
from Kew, through the kindness of Dr. Hooker, two dried 
flowers of the fonnor species, an inhabitant of the Friendly 
Islands in the Pacifle. The pistil of the long-styled form is to 
that of the short-styled os 100 to 86 in length; the stigma 
projects just above the throat of the eorolla, and is surrounded 
by five anthers, the tips of which reach up almost to its 1>asc; 
and lower down, within the tubular corolla, five other and 
lather smaller anthers are floated. In the short-stylcd form, 
the stigma stands some way down the tube of the corolla, nearly 
on a level with the lower anthers of the other form : it differs 
remarkably from the stigma of the long-styled form, in being 
more papillose, and in being longer in the ratio of 100 to 
Tlic anthers of the upper stamens in the short-styled form are 
supported on free filaments, and project above the throat of the 
corolla, whilst the anthers of the lower stamens are seated in 
the throat on a level with the upper stamens of the other form. 
The diameters of a considerable number of grains from both sets 
of anthers in both fomts were measured, but they did not differ 
in any trustworthy degree. The mean diameter of twenty-two 

w 

** American Journal of Sd- ^Journal of Botany/ voLili, 1865, 
ence,’ 1865, p. 101, and Seemaun's p. 305. 



Chap. III. 


MENYANTHES TRIFOLIATA. 


115 


grains from the short-styled flower was to that of twenty-four 
grains from the long-styled, as 100 to 99. The anthers of 
the upper stamens in Ihe short-styled form appeared to be 
poorly deyeloped, and contained a considerable number of 
shrivelled grains which were omitted in striking the above 
average. ' Notwithstanding the fact of the pollen-grains from 
tlm two forms not difB&ring in diameter in any appreciable 
degree, there can hardly be a doubt from the great difference in 
the two forms in the length of the pistil, and especially of the 
stigma, together with its more papillose condition in the short- 
styled form, that the present species is truly heterostyled. This" 
case resembles that of Linum ffrandljlorum, in which the sole 
difference between the two forms consists in the length of the 
pistils and stigmas. From the great length of the tubular 
corolla of Leucosmia, it is clear that the flowers are cross- 
fertilised by large Lepidoptera or by honey-sucking birds, and 
the position of the stamens in two whorls one beneath the 
other, which is a character that I have not seen in any other 
heterostyled dimorpliic plant, probably serves to smear the 
inserted organ thoroughly with pollen. 

MeKYANTHES TRIFOLIATA (GeKTIANEJE). 

This plant inhabits marshes : my son William gathered 247 
flowers from so many distinct plants, and of these 110 were 
long-styled, and 137 short-styled. The pistil of the long-styled 
form is in length to that of the short-styled in the ratio of a1x>ut 
3 to 2. The stigma of the former, as my son observed, is deci- 
dedly larger than that of the short-styled ; but in both forms it 
varies much in size. The stamens of the short-styled are almost 
double the length of those of the long-styled; so that their 
anthers stand rather above the level of the stigma of the long- 
styled form. The anthers also vary much in size, but seem 
often to be of larger size in the short-styled flowers. My son 
made with the camera many drawings of the pollen-grains, 
and those from the short-styled flowers were in diameter in 
nearly the ratio of 100 to 84 to those from the long-styled 
flowers. I know nothing about the capacity for fertilisation in 
the two forms; but short-styled plants, living by themselves in 
the gardens at Kew, have product an abundance of capsules, 
yet the seeds have never germinated ; and this looks as if tho 
short-styled form was sterile with its own pollen. 

I 2 
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LiMNANTHBMUSI InDIOUM (GBNTlANKiE). 

This plant is mentioned by Mr. Thwaites in his Enumeration 
of the Plants of Ceylon as presenting two forms ; and he was so 
kind as to send me specimens 23rcservcd in spirits. The pistil 
of the long-styled form is nearly thrice as long (i.e. as 14 to 5) 
as that of the short-styled, and is very much thinner in the 
ratio of about 3 to 5. The foliaceous stigma is more expanded, 
and twice as lai'go as that of the short-styled form, lii the 
latter the stamens are about twice as long as those of the long- 
styled, anil their anthers are larger in the ratio of 100 to 70. 
The pollen-grains, after having been long kept in spirits, were 
of the same shape and size in both forms. The ovules, accord- 
ing to Mr. Thwaites, are equally numerous (viz. from 70 to 80) 
in the two forms. 

ViLLARSIA [SP. ?] (GENTIANEiE). 

Fritz Muller sent me from »Soiith Brazil dried flowers of this 
aquatic plant, which is closely allied to liimnantheinum. In the 
long-styled form the stigma stands some way al)ovo the antlier.s, 
and the whole pistil, together with tlic ovary, is in length to 
that of the short-styled form as about 3 to 2. in the latter 
form the anthers stand above the stigma, and the style is very 
short and thick; but the pistil varies a good deal in length, 
the stigma being either on a Icvid with the tips of the sepsils 
or considembly beneath them. The foliaceous stigma in 
the long-styled form is larger, with the exi)ansions running 
farther down the style, tli.*n in the other form. One of the most 
remarkable diffei*eiiccs between the two forms i.s tliat the anthers 
of the longer stamens in the short-styled flowers are conspicu- 
ously longer than tliose of the shorter stamens in the long-styled 
flowers. In the former the sub-triangular pollen-grains . are 
larger; the ratio between their breadth (measured from one 
angle to the middle of the opposite side) and tliat of the grains 
from the long-styled flowers being alx)Ut KX) to 75. Fritz 
Muller also informs me that the j:x)]len of the short-styled 
flowers has a bluish tint, wliilst that of the long-styled is yellow. 
When we treat of Lifihrum saVearia wo shall find a strongly 
marked contrast in the colour of the pollen in two of tho forms. 

The three genera, Menyanthes, Limnanthomuni, and Yillarsia, 
no^describcil, constitute a well-marked sult-tril^e of the Gen- 
tiancae. All the species, as far as at present known, are hetcro- 
Bt>led, and all inhabit aquatic or sub-aquatic stations. 
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FoRSYTHIA SUSPENSA (OLEAOEiB). 

Professor Asa Gray states that the plants of tliis species grow- 
ing in the Botanic Gardens at Cambridge, U.S.,are short-styled, 
but that Sielxjld and Zuccariiii describe the long-styled form, 
and give 'figures of two forms; so that there can be little doubt, 
as he remarks, about tjie plant being dimorphic.* T therefore 
applied to Dr. Hooker, who sent me a dried flower from Japan, 
another from China, and another from the Botanic Gardens at 
Kcw. The first proved to l)e long-styled, and the other two 
short-styled. In the long-styled form, the pistil is in length 
to that of the short-styled as 100 to 38, the lolx5S of the stigma 
Ixjing a little longer (as 10 to 9), but narrower and less diver- 
gent. This last character, however, may be only a temporary 
one. 'i'hcrc seems to be no difference in the papillose condition 
of the two stigmas. In the short-styled form, the stamens are 
in length to those of the long-styled as 100 to 66, hut the anthers 
are shorter in the ratio of 87 to 100; and this is unusual, for 
when there is any difterence in size between the anthers of the 
two forms, tlmsc from the longer stamens of the short-styled are 
generally the longest. The pollen-grains from the short-styled 
flowers are certainly larger, hut only in a slight degree, than 
those from the long-styled, namely, as 100 to 94 in diameter. 
The short-styled form, which grows in the Gardens at Kew, has 
never there produccil fruit. 

Forsyth ia vindisshna appears likewise to lie hetcrostyled ; for 
Professor Asa Gray says that although the long-styled fonn 
alone grows in the gardens at Cambridge, U.S., the published 
figures of this sj^ecjes belong to the short-styled fonn. 

OORDIA [0P.?j (CoRDIAGEA). 

Fritz Muller sent me dried specimens of this shrub, which he 
believes to be heterostylcd ; and. 1 have not much doubt that 
this is the case, though the usual characteristic differences are 
not well pronounced in the two forms, Linum grandijiorum 
shows us that a plant may he heterostylcd in function in the 
highest degree, and yet the two formk may have stamens of 
equal length, and pollen-grains of equal size. In the present 
species of Cordia, the stamens of both forms are of nearly equal 


* * The American Natuialist/ July 1873^ p. 422. 
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longth, those of the short-styled being rathet the longest; and 
the anthers of both are sejited in the mouth of the corolla. Nor 
could I detect any difference in the size of the pollen-grains, 
when dry or after being soaked in water. The stigmas of the 
long-styled form stand clear abore the anthers, and the whole 
pistil is longer than that of the short-styled, in about the ratio 
of 3 to 2. c 

The stigmas of the short-styled form arc seated beneath the 
anthers, and tliey are considerably shorter than those of the 
long-styled form. Tliis latter difference is the most important 
one of any Iwtwccn the two forms. 

Gilia (IroMOPSis) pulchella vbl agorkgata (Polemoni- 

AGE^). 

Professor Asa Gray remarks with res|)cct to this plant : “ the 
tendency to dimorpliisni, of which there are traces, or perhaps 
rather incipient manifestations in various iiurtions of the genus, 
is most marked in O. wfgregata* * He sent me some dried 
flowers, and I procured others from Kew. They differ gi’eatly 
in size, some l)eiiig neiirly twice as long as others (viz, os 30 to 
17), so that it was not ixwsible to compearo, except by calculation, 
the absolute length of tlie organs from different plants. More- 
over, the relative pasition of the stigmas and anthers is variable ; 
in some long-styled flowers the stigmas and anthers wore e\- 
serted only just beyond the throat of the corolla; whilst in 
others they were oxserted as much os of an inch. I snsj^jct 
also that the pistil goes on growing for some time after tho 
anthers liave dehisced. Nevertheless it is jKxssiblo to class tho 
flowers under two forms. In some of the long-styled, the length 
of pistil to that of the short-styled was as 100 to 82 ; but this 
result was gained by reducing tho size of the corollas to .the 
same scale. In another pair of flowers tlie difference in length 
l)etween the pistils of the two forms was certainly greater, but 
they were not actually measured. In the Hhort-stylcd flowers 
whether large or small, the stigma is seated low down within 
the tube of the corolla. Tho papilla) on the long-styled stigma 
are longer than those on the short-styled, in the ratio of 100 to 
40. The filaments in some of the short-styled flowers were, to 
those of the long-styled, as 100 to 25 in length, the free, or 
• 

* *Proc. American Acad, of Arts and Sciences,* June 14, 1870, p. 275, 
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unattached portion being alone meastired; but this ratio can- 
not be trusted, owing to the great variability of the stamens. 
Tho mean diameter of eleven pollen-grains from long-styled 
flowers, and of twelve from the short-styled, was exactly the 
same. It follows from these several statements, that the dif- 
ference in length and state of surface of the stigmas in the 
flowers is the sole reliable evidence that this species is hetero- 
styled; for it would be rash to trust to the difference in the 
length of the pistils, seeing how variable they are. I should 
have left the case altogether doubtful, had it not been for the 
observations on the following species; and these leave little* 
doubt on my mind that the present plant is truly heterostyled. 
Professor Gray informs me that in another species, G. coronopi^- 
folia, belonging to the same section of the genus, he can see no 
sign of dimorphism. 

Gilia (Leptosiphon) mighantha. 

A few flowers sent mo from Kew had lieen somewhat injured, 
80 that I cannot say anything positively with respect to tho 
])OKition and relative length of tho organs in the two forms. 
But their stigmas differed almost exactly in the same manner as 
in the last species ; the papillm on the long-styled stigma being 
longer than those on tho short-styled, in the ratio of 100 to 42. 
My son measured nine pollen-grains from the long-styled, and 
the same number from tho short-styled form; and tho mean 
diameter of the former was to that of the latter as 100 to 81. 
Considering this difference, as well as that betwreen the stigmas 
of the two forms, there can be no doubt that this species is 
heterostyled- So probably is Giiia nwiicauUs, wliich likewise 
belongs to the Leptosiphon section of tlie genus, for I hear from 
Professor Asa Gray that in some individuals the stylo is very 
long, with the stigma more or less exserted, whilst in others it 
is deeply included within the tube ; the antliers being always 
seated in the throat of the corolla. 

Phlox scbulata (Polbhohiaoba). 

Professor Asa Gray informs me that 'the greater number of 
the species in this genus have a long pistil, with the stigma 
more or lera exserted; whilst several other species, especially the 
annuals, have a short pistil seated low down within the tube of 
the corolla. In all the species tlie anthers are arranged one 



120 HETEROSTYLED DIMORPHIC PLANTS. Chap. III. 


below the other, the uppermost just protruding from the throat 
of the corolla. In Phlox suhulaU alone he has " seen l>oth long 
and short styles; and liero the shortHStyled plant has (irrespec- 
tive of this character) been described as a distinct species (P. 
nivalis, P, ffentzii), and is apt to have a jmr of ovules in each 
cell, while the long-styled P. subuUifa rarely shows more than 
one.'** Some dried flowers of both forpis were sent me by him, 
and I received others from Kew, but 1 have foiled to make 
out whether the species is hetcvostylcd. In two flowers of 
nearly equal size, the justil of the long-styled form "was twice as 
long as that of the short-styled ; but in other cases the differ- 
ence was not nearly so great. The stigma of the long-stylcd 
pistil stands nearly in the tlirojit of the wrolla; whilst in the 
short-styled it is placed low down— somotiTucs very low down 
in the tube, for it varies greatly in ])osition. The stigma is 
more papillose, and of greater length (in one instiiuco in the 
ratio of 100 to 67), in tlio short-styled flowers than in the 
long-styled. My son ineasnriMl twenty ]»ollen-gri)ins from a 
short-styled flower, and nine from a hnig-styled, and the 
former were in diameter to the i.ittt ‘s 100 to 93; d this 
differcnco accords ■witli the belief that plant is iietero- 
styled. But the grains from the short-styled varied much in 
diameter. Ho afterwards measured ten g from a distinct 
long-stylcd flower, and ten from ai’^ther pk f the same fonn. 
and these grains (bffered in diameter in the .. ri ’00 t»‘ 90. 
The meiin diameter of these two lots of twenty gi.e* zas t\) 
that of twelve grains from another short- tyled flower as 100 to 
75: here, then, the grains from the short-styled form w'ci*o con- 
siderably smaller than tliase from the long-styled, wliich is tlio 
reverse of w'hat occurred in the former instance, and of what is 
the general rule with hetcrostylcd plants. The whole case is 
perplexing in the highest degree, and will not bo understood 
until exx>crimcnts are tried on living plants. The greater length, 
ainl more papillose condition of the stigma in the short-styled 
than in the long-stylcd flowers, looks as if the plant was hetero- 
Btyled ; for we know that with some sixicies — for instance, Lon- 
cosmia and certain Rubiacem — the stigma is longer and more 
papillose in the short-fflyled form, though the reverse of this 
iTolds good in Gilia, a member of the same family with Phlox. 
The similar xxisitiou of the anthers in the two forms is some- 

c • 

♦ • Proc. American Acad, of Arts and Sciences,* June 14, 1870, p. 248. 
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at oppoBod to the present species being heterostyled ; as is 
tlii||great difference in the length of the pistil in several short- 
stwed flowers. But the extraordinary variability in diameter of 
tU^ pollen-grains, and the fact that in one set of flowers the 
g^&ns from the long-styled flowers were larger than those from 
tlw short-styled, is strongly opposed to the belief that Phlox 
sSulain is heterostyled. i^ossibly this species was once hetero- 
f^led, but is now Ixicoming sub-dioecious; the short-styled 
Mants having been rendered more feminine in nature. This 
jfoulil account for their ovaries usually containing more ovules, 
for the variable condition of their pollen-grains. Whether 
llie long-styled plants are now changing their nature, as would 
|[ip)iear to 1x5 the case from the variability of their pollen-grains, 
,/and are becoming more masculine, I will not pretend to con- 
fjeeturo; they might remain as hermaphrodites, for the co- 
existence of hermaphrodite and leniale plants of the same 
s)>ecics is by no means a niro event. 


PlUYTHllOXVLUM [SP. ?] (EKYTimOXVLID-ffi). 

Fritz Mn ' Jiit nu* from South Brazil dried flowers of this 
tree, tej <'tb ..le accompanying drawings, which show the 

two fo’ .» 'ficii alx)ut five times, with the petals removed. 


Fig. 8. 



Long>styled form. 



From a sketch by Fritz Miiller, raagDifled five times. 


Ekvtiiroxyloiv [sp. ?]. 
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In the long-styled form the stigmas project above the anthers, 
and the styles are nearly twice as long as those of the short- 
styled form, in which the stigmas stand beneath the anthers. 
The stigmas in many, but not in all the short-styled flowers are 
larger than those in the long-styled. The anthers of the short- 
styled flowers stand on a level with the stigmas of the other 
form ; but the stamens are longer by only one-fourth or one-fifth 
of their own length than those of the long-styled. Consequently 
the anthers of the latter do not stand on a level with, but rather 
above the stigmas of the other form. Differently from what 
occurs in the following closely allied genus, Sethia, the stamens 
arc of nearly equal length in the flowers of the same form. The 
pollen-grains of the short-styled flowers, measured in their dry 
state, are a little larger than those from the long-styled flowers 
in about the ratio of 100 to 93.* 

Sethia acuminata (Ebythroxylid^). 

Mr. Thwaites iK)inted out several years ago t that this plant 
exists under two forms, which he designated as forma ntylom et 
staminea ; and the flowers sent to me by him are clearly hetcro- 
styled. In the long-styled form the pistil is nearly twice as 
long, and the stamens half as long as the corresi)onding organs 
in the short-styled form. The stigmas of the long-styled seem 
rather smaller than those of the sliort-styled. All the stamens 
in the short-styled flowers are of nearly equal length, wlicreas 
in long-styled they differ in length, Ijoing alternately a little 
longer and shorter; aqd this difference in the stamens of tlie 
two forms is probably related, as we shall hereafter see in 
the case of the short-styh d flowers of Lythrum salicariaj to the 
manner in which insects can best transport pollen flrom the 
long-styled flowers to the stigmas of the short-styled. * The*' 
pollen-^ins from the short-styled flowers, though variable in 
size, are to those of the long-styled, as far as 1 could make out, 
as 100 to 83 in their longer diameter. Hethia obtusifolia is 
hcterostyled like S, acuminata, 

* F. Muller remarks in his let- numbers ; but Uie sepals and petals 
ter to mo that the flowers, of which ofteu vary from 5 to 7; the sta- 
ke carefully examined many spe- mens from 10 to 14, and the pistils 

cimens, ate curiously vuriable from 3 to 4. 
in tiie number of their parts: f * Enuroeratio Plontarum Zey- 

5 sepals and petals, 10 stamens lauiiD|* 1801, p. 54. 
and 3 pistils are the prevailiug 
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GbATOXYLON FOBMOBUM (HYPKBIOINBai). 

Mr. Thiselton Dyer remarks that this tree, an inhabitant of 
Malacca and Borneo, appears to be hetcrostyled.* He sent me 
dried flowers, and the difference between the two forms is con- 
spicuous. In the long-styled form the pistils ore in length to 
those of the short-styled* as 100 to 40, with their globular 
stigmas about twice as thick. These stand just al)ove the numer- 
ous anthers and a little beneath the tips of tho petals. In the 
short-styled form the anthers project high above tho pistils, the 
stigmas of which diverge between tho three bundles of stamens, 
and stand only a little above the tips of tho sepals. The 
stamens in this form are to those of the long-styled as 100 to 86 
in length ; and therefore they do not differ so much in length 
as do the pistils. Ten pollen-grains from each form were 
measured, ard those from the short-styled were to those from 
the long-styled os 100 to 86 in diameter. This plant, therefore, 
is in all rcsj[)ects a wcll-characterised heterostyled species. 


JEgiphila blata (Yebbexace^). 

]SIr. Bentham was so kind as to send me dried flowers of this 
Bi)ecics and of mollhj both inhabitants of South America. 
The two forms differ conspicuously, as the deeply bifid stigma 
of tlie one, and the anthers of the other project far above the 
mouth of the corolla. In the long-styled form of the present 
S])OcicB, the style is twice and a half as long as that of the short- 
styled. The divergent stigmas of the two forms do not differ 
much in hmgth, nor as far as I could perceive in their papillm. 
In the Jong-styled flowers the filaments adhere to the corolla 
•close up to the anthers, which are enclosed some way down 
within the tube. In the short-styled flowers the filaments are 
free above tho point where the anthers are seated in the other 
form, and they project from the corolla to an equal height with 
that of the stigmas in the long-styled flowers. It is often 
difficult to measure with accuracy pollen-grains, which have 
long lieen dried and then soak^ in water; but they here 
manifestly differed greatly in size. Those from the shori^tyled 
flowers were to those from the long-styled in diameter in 


* * Journal of Botany!' London, 1872, p. 26, 
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about the ratio of 100 to 62. Tho two forms of mollh 
present a like difference in the length of their pistils and 
stamens. 


iEoirHILA OBDUHATA. 

Flowers of this bush were sent inc from St. Catharina in 
Brazil, by Fritz Miillcr, and wore named for me at Kew. They 
a])pcared at first sight grandly hetcrostylcd, as the stigma of 
tlio long-styled form projects tar out of the corolla, whilst the 
anthers are seated halfway down within the tube; whereas in tho 
short-styled form tlio anthers ])roject from tlie corolla and tho 
stigma is enclosed in the tube at nearly the same level w*ith the 
anthers of tlie other fonn. Tlie pistil of tho long-styled is to 
that of the short-styled as 100 to c5t) in length, and tho stigmas, 
taken by thcmsclve.s, as 100 to 55. NevcrtluJess, this jilant 
cannot be heter<>.styled. The anthers in the long-styled form 
are brown, tough, and fleshy, and loss than lialf tlie length 
of those in the short-styled form, strictly as 4t to 100 ; and 
wliat is much more impoi-taut, they were in a rudimimtary 
condition in the t^^o flowers examined by mo, and did not 
contain a single gram of ]>ollen. In the short-styled form, the 
divided stigma, which as we have sc'eii is much sh(>rt(‘ue(l, 
is thicker and more fleshy than the stigma of tho long- 
styled, and is covered with smalt irregular projections, formed 
of rather large cells. It had the appearance of having suf- 
fered from hypertropliy, and is probably incapable of fertili- 
sation. If this lie so the j)lant is di(ecioiis, and judging from 
the two sjiecies previously described, it probably w^as once 
heterostyled, and has siiieo lieen rendew-d difficioiis by tho 
pistil in the f>ne lorm, and the stamens in the other having 
become functionless and reduced in size. It is, lio^yever,, 
possible that tho flowers may bo in tho same state a.s those of 
the common thyme and of seveml other Labiatm, in which 
females and hermaphrodites regularly co-exist. Fritz Miilldr, 
who thought that the present plant was heterostyled, as I 
did at first, informs me that he found bushes in several places 
growing quite isolated, and that tlicso were completely storilo ; 
whilst two plants growing close together were covered with 
fruit. This fact agrees tietter with the lielief that tho species is 
diegeious than that it consists of hermaphrodites and females ; 
for if any one of the isolatcci plants had tieen an hermaphrodite, 
it would probably have produced some fruit. 
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Bubiaoe^. 

This great natural fixmily contains a much larger 
number of heterostyled genera than any other one, as 
yet known. 

MitcheUa repens, — Prof. Asa Gray sent me several 
living plants collected when out of flower, and nearly 
half {)f these proved long-styled, and the other half 
short-styled. The white flowers, which are fragrant 
and which secrete plenty of nectar, always grow in 
pairs witli their ovaries united, so that the two together 
produce “a berry-like double drupe.’** In my first 
series of ex 2 )erinients (1864) I did not supjjoso that 
tliis curious arraiigeuieut of the flowers would have any 
influence on tlndr tertility ; and in several instances 
only ojie of the two flowers in a j)air was fertilised; 
and a large proportion or all of these failed to produce 
berries. In the ensuing year both flowers of each 
I)air were invariably fertilised in the same manner ; 
and the latter ex 2 )erimcnts alone serve to show the 
proportion of flowers which yield berries, when legiti- 
mately and illegitimately fertilised; but for calcu- 
lating tlie average number of seeds per berry I have 
used those j)roducod during both seasons. 

In the long-styled flowers the stigma projects just 
•above ilie beai*<led throat of the corolla, and the 
anthers are scate<l some way down the tube. In the 
sliort-styled flowers these organs occupy reversed posi- 
tions. In this latter form the fresh pollen-grains are 
a little larger and more opaque than those of the long- 
styled form. The results of my exjperiments are given 
in the following table. 

* A. Gray, * Manual of the Bot of the N. United States/ 185G, 

Ih 172. 
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Table 2 U 
Mitchdla repem. 


Nature of Union. 

Number of 
Pairs of 
Flowen fer- 
tilised ourlng 
the secuud 
Season. 

Number of 
Drupes pro- 
duced during 
the second 
Season. 

1 Average 
j Number of 

1 good Seeds 
per Drupe in 
ull the Drupes 
j daring th- 
two SeosonH. 

I-ong-styled flowcrb, by pollen ofl 
short-styled. Legitimate union/ 

0 


4-6 

Long-styled flowers, by own-form 1 
pollen. Illegitimate union . . / 

8 

3 

2-2 

SJhort-styled- flowers, by pollen ofi 
long-styled. Legitimate union, i 

8 

7 

4-1 

Short-styled flowers, by own-formV 
pollen. Illegitimate union . ./, 

9 

0 

2*D 

The two legitimate unions to-V 
gethcr jt 

17 i 

15 i 

4*4 

The two illegitimate unions to-1' 
gether / 

17 

1 

3 

i 

2-1 


It follows from this table that 88 j)er cent, of the 
paired flowers of both forms, when legitimately fer- 
tilised, yielded double berries, nineteen of which con- 
tained on an averag'* 4*4 seeds, with a maxiwniTn in 
one of 8 seeds. Of the illegitimately fertilised paired 
flowers only 18 per cent, yielded berries, six of which 
contained on an average only 2*1 seeds, with a maxi- 
mum in one of 4 seeds. Thus the two legitimaite 
anions are more fertile than the two illegitimate, 
according to the proportion of flowers which yielded 
berries, in thfe ratio of 100 to 20 ; and according to 
the average number of contmned seeds as 100 to 47. 

Three long-styled and three short-styled plants were 
protected under separate nets, and they produced alto- 
gether only 8 berries, containing on on average only 
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1*5 seed. Some additional berries were produced 
which contained no seeds. The plants thus treated were 
therefore excessively sterile, and their slight degree of 
fertility may bo attributed in part to the action of the 
many individuals of Thrips which haunted the flowers. 
Mr. J. Scott informs me that a single plant (probably 
a long-styled one), growing in the Botanic Gardens at 
Edinburgh, which no doubt was freely visited by in- 
sects, produced plenty of berries, but how many of 
them contained seeds was not observed. 

BoRRERIA, NOV. SP. NEAR VALERIANOIDES (KUBIACE.®). 

Fritz Miiller sent me seeds of this plant, which is 
extremely abundant in St. Catharina, in South Brazil ; 
and ten plants were raised, consisting of five long- 
styled and five short-styled. The pistil of the long- 
styled flowers projects just beyond the mouth of the 
corolla, and is thrice as long as that of the short- 
styled, and the divergent stigmas are likewise rather 
larger. The anthers in the long-styled form stand 
low down within the corolla, and are quite hidden. 
In the short-styled flowers the anthers project just 
above the mouth of the corolla, and the stigma stands 
low down within the tube. Considering the great 
difference in the length of the pistils in the two forms, 
it is remarkable that the 2 )ollen-grains differ very little 
in size, and Fritz Muller was struck with tlie same 
fact In a dry state the grains from the short-styled 
flowers could just be perceived to be larger than those 
from the long-styled, and when both were swollen by 
immersion in water, the former were to the latter in 
diameter in the ratio of 100 to 92. In the long-styled 
flowers beaded hairs almost fill up the mouth of the 
corolla and project above it ; they therefore stand 
above the anthers and beneath the stigma. In the 
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short^tylod flowers a similar brush of hairs is situated 
low down within the tubular corolla, above the stigma 
and beneath the anthers. The presence of these beaded 
hairs in both forms, though occupying such different 
positions, shows that they are probably of considerable 
functional importance. They would serve to guard the 
stigma of each form from its own pollen; but in 
accordance with Prof. Kerner’s view* their chief use 
probably is to prevent the copious iioctar being stolen 
by small crawling insects, which could not render any 
sendee to the species by carrying pollen from one form 
to the other. 

The flowers are so small and so crowded together 
that I was not willing to expend time in fertilising 
them separately ; but I dragged rei)oatcdly heads of 
short-styled flowers over three long-styl»Hl flower-heads, 
which were thus legitimately fertilised ; and they pro- 
duced many dozen fruits, each containing two goo<l 
seeds. I fertilised in the same manner three heads 
on the same long-styled plant with ptJlcnfnm another 
long-styled plant, so that these were fertilised illegiti- 
mately, and they did not yield a single seed. Nor did 
this plant, which was of course pn)to(.*tcd by a net, 
bear spontaneously any seeds. Nevertheless another 
long-styled plant, which was carefully protected, pro- 
duced spontaneously a very few seeds; so that tha 
long-styled form is not always quite sterile with its 
own pollen. 

Pabamea [sp. ?J (Rlbiacea:). 

Fritz Mulldit has fully described the two forms of this 
remarkable plant, an inhabitant of South BroziLf In 

• ‘Die Sebntzmittel BiS- t .‘BotZ«tnng,’Sept.lO,18<», 
then gef^en nnherufene Gaete,’ p. 606. 

1870, p. »7. 
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the long-styled fonn the^ pistil projects above the 
corolla^ and is almost exactly twice as long as that of 
the short-styled, which is included within the tube. 
The former is divided into two rather short and broad 
stigmas, whilst the short-styled pistil is divided into 
two long, thin, sometimes much curled stigmas. The 
stamens of each form correspond in height or length 
with the pistils of the other form*. The anthers of 
the short-styled form are a little larger thai) those 
of the long-styled; and their pollen-grains are to 
those of the other form as 100 to 67 in diameter. 
But the pollen-grains of tho two forms differ in a 
much more remarkable manner, of which no other 


Fig. 9. 



[Short-styled form. Long-strled form. 

OutliaesH)f flowers from dried specimens. Poilen-gsihis, magnified 180 
.. times, by Fritz Muller. 

Fabauba [sp. ?]. 

instance is known ; those firom the short-styled floweis 
being covered with sharp points; the smaller ones 

K 
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from the long-styled being quite smooth. Fritz Muller 
remarks that this difference between the pollen-grains 
of the two forms is evidently of service to the plant ; 
for the grains from the projecting stamens of the short- 
styled form, if smooth, would have been liable to be 
blown away by the wind, and intould thus have been 
lost ; but the little points on their surfaces cause them 
to cohere, and at the same time favour their adhesion 
to the hairy bodies of insects, which merely brush 
against the anthers of these stamens whilst visiting 
the flowers. On the otli(?r hand, the smooth grains 
of the long-styled flowers are safely included within 
the tube of the corolla, so that they cannot be blown 
away, but are almost sure to adhere to the proboscis of 
ail entering insect, which is necessarily pressed close 
against the enclosed anthers. 

It may be remembered that in the long-styled form 
of Linum perenne each separate stigma rotates on its 
own axis, when the flower is mature, so os to turn its 
papillose surface outwards. There can be no doubt 
that this movement, which is confined to the long- 
styled form, is effc<;ted in order tliat the pro|)cr sur- 
face of the stigma sliould receive pollen brouglit by 
insects frrim the other form. Now with Faramea, as 
Fritz Muller shows, it is the stamens which nitate on 
their axes in one of the two forms, namely, the short- ^ 
styled, in order that their pollen should be brushed off 
by insects and transported to the stigmas of the other 
form. In the long-styled flowers the anthers of the 
short enclosed stamens do not rotate on their axes, 
but dehisce on their inner sides, as is the common 
rule with the Bubiaceas ; and this is the best position 
for the adherence of the pollen-grains to the proboscis 
of an entering insect Fritz Muller therefore infers 
that as the plant became heterostyled, and as the 
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stamens of the short-styled form increased in length, 
they gradually acquired the highly beneficial power 
of rotating on their own axes. But he has further 
shown, by the careful examination of many flowers, 
that this power has not as yet been perfected; and, 
consequently, that ascertain proportion of the pollen 
is rendered useless, namely, that from the anthers 
which do not rotate properly. It thus appears tiiat 
the development of the plant has not as yet been com- 
pleted ; the stamens have indeed acquired their proper 
length, but not their full and perfect power of rotation.* 

The several points of difference in structure between 
the two forms of Faramea are highly remarkable. 
Unill within a recent period, if any one had been 
shown two plants which differed in a uniform manner 
ill the length 4)f their stamens and pistils, — ^in the 
form of their stigmas, — in the manner of dehiscence 
and slightly in the size of their anthers,— and to an 
extraordinary degree in the diameter and structure of 
their pollen-grains, he would have declared it impos- 
sible that the two could have belonged to one and the 
same species. 

SuTERiA (species unnamed in ihe herbarium at Eew) 
(Rubiaoe^). 

• 

I owe to the kindness of Fritz Muller dried flowers of this 
plant from St. Catharina, in Brazil. In the long-styled form tlie 
stigma stands in the mouth of the corolla, above the anthers, 


* Fritz Mttller gives another 
instance of the want of absolute 
pei^tioa in the flowers of another 
member of the Rubiacee, namely, 
Fosoqueria /ragratiSf which is 
adapted in a most wonderful man- 
ner for cross- fertilisation by the 
agency of moths. (See 'Bot. 
Zeitung/ 1866, No. 17.) In ac- 


cordance with the nocturnal habits 
of these insects, most of the flowers 
open only during the night; but 
some open in the day, and the 
pollen of such flowers is robbed, ss 
Fritz Muller has often seen, by 
humble-bees and other insects, 
without any benefit being thus 
confened on the plant. 

K 2 
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which latter are enclosed within the tiil)e, but only a short way 
clown. In the short-styled form the anthers are placed in the 
mouth of the corolla above the stigma, which occupies the same 
position as the anthers in the other form, being seated only a 
short way down the tube. Therefore the pistil of the long-styled 
fonu does not exceed in length tliat of the shortnstylod in 
nearly so great a degree as in many other Rubiacese. Never- 
theless there is a considerable ditterence in the size of the pollen- 
grains in the two forms ; for, as Fritz Miillcr informs me, those 
of the short-styled arc to those of the long-styled as 100 to 
76 in diameter. 

Houstonia coskulea (RuniACEAS). 

Prof. Asa Gray has Ijeen so kind ns to send inn an abstract of 
some observations made by Dr. Rothi‘iK*k on this plant. The 
jastil is exserted in the one form and the sbimcus in the 
other, as has long l)ceu observed. The stigmas of the long- 
styled form are shorter, stouter, and far more hispid than in 
tlie other form. The stigmatic hairs or papillte on the former 
are '04 mm., and on the latter only *023 nnn. in length. In the* 
short-styled form the anthers are larger, and the iKilleii-graiiis, 
when distended with water, are to those from the long-stylcrl 
form as 100 to 72 in diameter. 

Selected capsules from some long-stylcKl plants growing in 
the Botanic Gardens at Cambridge, U.S., near where plants 
of the other form irrew, contained on an average 13 seeds; 
but these plants mast have l>een subjected to unhivourable 
rouditions, for some long-styled ])lants in a state of nature* 
yielded an avcnige of 21 *5 seeds per capsule. Some sliort-stylcd 
])lunts, which had l)e<‘n ])Innted by themselv(*8 in tlio Botanic 
(hirdens, where it wu.s not likely that they would have lieen 
visited by insects that luid ja-eviousJy visited long-stylod plants, 
pioduced capsules, eleven of which were wholly sterile, but one 
contained 4, and another 8 seeds. So that the short-styled 
form seems to lie very sterile with its own pollen. Prof. Asa 
Gray jnfonn.s me that the other North American st>ecies of tliis 
genus are likewise hetcrostylcd. 

OlDENLAEDIA [sr. ?] (RlTBlACEjE). 

Mr. J. Scott sent me from India dried flowers of a hetero- 
Ktyled species of this genus, which is closely allied to the last. 
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The pistil in the long-styled flowers is longer by about a quarter 
of its length, and the stamens shorter in about the same pro- 
X)OTtion, than the corresponding organs in the short-styled 
flowers. In tlie latter the anthers are longer, and the divergent 
stigmas decidedly longer and apparently thinner tlian in the 
long-styled form. Owing to the state of the specimens, I could 
not decide whether the* stigmatic papillaa were longer in the 
one form than in the other. The j)ollon-grains, distended with 
water, from the short-styled flowers were to those from the long- 
styled as 100 to 78 in diameter, as deduced from the ^lean of 
ten measurements of each kind. 


Hedtotis [sp. ?] (RubiaceAs). 

Fritz Muller sent me from St. Catharina, in Brazil, dried flowers 
of a small dcliciite species, which grows on wet sand near the 
edges of fresh-water pools. In the long-styled form the stigma 
pitdccts above tlio corolla, and stands on a level with the pro- 
jecting anthers of the short-styled form; but in the latter the 
stigmas stand rather bemeath the level of the anthers in the 
other or long-styled form, those Ixung enclosed within the ixihe 
of the corolla. The pistil of the long-styled fonn is nearly thrice 
as long as that of the short-styled, or, speaking strictly, as 
100 to 39; and the papillte on the stigma of the former are 
broader, in the ratio of 4 to 3, but whether longer than those of 
the short-styled, I could not decide. In the sliort-styled form, 
the anthers are rather larger, and the pollen-grains are to those 
from the long-styled flowers, as 100 to 88 in diameter. Fritz 
Muller sent me a second, small-sized species, which is likewise 
hetorostyled. 


CoCCOCYPfiteLUM [SP. ?] (BuBIACEA). 

Fritz Muller also sent me dried flowers of this plant from 
St. Catharina, in Brazil. The exserted stigma of the long-styled 
form stands a little above the level of the exserted anthers of the 
short-styled form; and the enclosed stigma of the latter also 
stands a little aliove the level of the enclosed anthers in the long- 
styled form. The pistil of the long-styled is about twice as long 
as that of the short-styled, with its two stigmas considerably 
longer, more divergent, and more curled. Fritz Muller informs 
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1116 that he could detect no difference in the size of the pollen* 
grains in the two forms. Neverthelossi there can be no doubt 
that tliis plant is heterostyled. 

Lipostoma [bp. ?] (Rubiaoeas). 

• 

Dried flowers of this plant, which grows in small wet ditches 
in St. Catharina, in Brazil, were likewise sent me by Fritz 
Muller. In the long-styled form the exsertod stigma stands 
rather alwTe the level of the exseited anthers of the other form; 
whilst in tlie short-styled form it stands on a level with the 
anthers of the other form. So that the want of strict corre- 
s}x)ndence in height between the stigmas and anthem in the two 
forms is reversed, compared with what occurs in Hedyotis. The 
long-styled pistil is to that of the short-styled as 100 to 36 in 
length; and its divergent stigmas are longer by fully one-third 
of tlieir own length than those of the short^styled form. In the 
latter the anthers are a little larger, and the pollen-grains are 
as 100 to 80 in diameter, compared witli those from the long- 
styled form. 


ClECnONA MIOBANTHA (RUBIAGE.fi). 

Dried specimens of lx)t}i forma of this plant were sent me from 
Kew.* In the long-styled form the apex of the stigma stands 
just beneath tlic bases of the haiiy lobes of the corolla ; whilst 
the summits eff the anthers are seated about halfway down 
the tube. The pistil is in length as 100 to 38 to that of the 
short-styled form. In the latter the anthers occupy the same 
position as the stigma of the other form, and they are con- 
siderably longer than those of the long-styled form. As the 
summit of the stigma in the short-styled form stands beneath 
the bases of the anthers, which are seated halfway down the 
cprolla, the style has been extremely shortened in this form ; 
its length to that of the long-styled being, in the specimens 
examined, only as 5*3 to 1001 The stigma, also, in the short- 
styled form is very much shorter than that in the long-styled, 
in the ratio of 57 to 100. The jiollen-grains from the short- 

* My attention was called to 3, given by Mr. Markham in hia 
this plant by a drawing copied ‘ iSavels in Peru/ p. 589. 
from Howard's * Quinologia,* Tab. 
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Atyled flowers, after having been soaked in water, were rather 
larger— in about the ratio of 100 to 91 — than those from the long- 
styled flowers, and they were more triangular, with the angles 
more prominent. As all the grains from the short-styled flowers 
were thus characterised, and os they had been left in water for 
three days, 1 am convinced that this difference in shape in the 
two sets of grains cannot^>e accounted for by unequal distension 
with water. 

Besides the several Bubiaceous genera already mentioned, 
Fritz Muller informs me that two or three species of Psychotria 
and Rudtfea eriantha, natives of St. Catharina, in Brazil, are 
heterostyled, as is Manetfia hicolor, I may add that I formerly 
fertilised with their own pollen several flowers on a plant of 
this latter species in my hothouse, but they did not set a single 
fruit. From Wight and Amott’s description, there seems to be 
doubt that Enoxia in India is heterostyled; and Asa Gray 
is convinced that this is the case with Diodia and Siiermacoce 
in the United States. Lastly, from Mr. W. W. Bailey's descrip- 
tion,* it appears that the Mexican Bouvardia leiantha is hetero- 
jstyled. 

Altogether we now know of 17 heterostyled genera 
in the great family of the Bubiaccm; though more 
information is necessary with respect to some of them, 
more especially those mentioned in the last para- 
graph, before we can feel absolutely safe. In the 
‘Genera Plantarum,’ by Bcntham and Hooker, the 
Bubiacese are divided into 25 tribes, containing 337 
^ genera ; and it deserves notice that the genera now 
known to be heterostyled are not grouped in one or 
two of these tribes, but are distributed in no less than 
•eight of them. From this fact we may infer that 
most of the genera have acquired their heterostyled 
structure independently of one another ; that is, they 
have not inherited this structure from some one or 
even two or three progenitors in common. It further 


• • Bull of the Toney Boi Olub,’ 1876, p. 106. 
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deserves notice that in the homostyled genera, as I 
am informed by Professor Asa Gray, the stamens are 
either exserted or are included within the tube of the 
corolla, in a nearly constant manner; so that this 
character, which, is not even of specific value in the 
heterostyled species, is often of generic valu' 'u other 
members of the family. 
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CHAPTER IV. 

He'x«.rostylex» Tbimorphio Plants 

* 

Lytlirum salicaria— Description of tbe three forms— Their power and 
complex manner of fertilising one another — ^Eighteen different 
unions possible — ^Mid-sty led form eminently teminine in nature— 
Ly thrum Griederl likewise trimorphio— I/, thymifolia dimorphic — 
L. hj ^sopifolia homostyled — Ncsiea verticillata trimorphic — Lager- 
stnemia, nature doubtful — Oxalis, triri rphic species of— O. Valdi- 
>Aaiia — O. Begnelli, the illegitimate unions quite barren — O. spe- 
'*1080 — O. seiinitiva — Homostyled species of Oxalis — PontederiSy 
the oue monocotyledoDuas gc s known to include heterostyled 
species. 

In the previous chaptfjrs various heterostyled dimor- 
phic plants have been described, aud now we come to 
heterostyled trimorphic plants, or those which present 
three forms. These have been observed in three 
families, and consist of species of Lythrum and of the 
allied genus Nesa^a, of Oxalis aud Fontedcria. In 
their manner of fertilisatiop these plants offer a more 
remarkable case than can be found in any other plant 
'•nr animal. 

Lythrum mliearta . — The pistil in each form differs 
from that in either of. the other forms, and in each 
there are two sets of stamens different in appearance 
and function. But one set of stamens in each form 
corresponds with a set in one of the other two forms. 
Altogether this one species includes three females or 
female organs and three sets of male organs, all as 
distinct from one another as if they belonged to dif- 
ferent species; and if smaller functional differences 
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are considered, there are five distinct sets of males. 
Two of the three hermaphrodites must coexist, and 
pollen m,ust be carried by insects reciprocally from one 
to the other, in order that either of the two should be 
fully fertile; but unless all three forms coexist, two 
sets of stamens will be wasted, and the organisation of 
the species, as a whole, will be incomplete. On the 
other Jiaiid, when all three hermaphrodites coexist, and 
pollen is carried from one to the other, the scheme 
is perfect ; there is no waste of pollen and no false co- 
adaptation. In short, nature has ordained a most com- 
plex marriage-arrangement, namely a triple union 
between three hermaphrodites, — each hermaphrodite 
being in its female organ quite distinct from the other 
two hermaphrodites and partially distinct in its male 
organs, and each furnished with two sets of males. 

The three forms may be conveniently called, from 
the unequal lengths of their pistils, the long-styled^ mid- 
styled^ and short-styled. The stamens also are of unequal 
lengths, and these may be called the longest^ mid-length, 
and shortest Two sets of stamens of different length are 
found in each form. The existence of the three forms 
was first observed by Vaucher,* and subsequently more 
carefully by Wirtgen ; but those botanists, not being 
guided by any theory or even suspicion of their fuiip- 
tional differences, did not perceive some of the most"^ 
curious points of difference in their structure. I will 
first briefly describe the three forms by the aid of the 
accompanying diagram, which shows the flowers, six 
times magnified, in their natural position, with their 
petals and calyx on the near side removed. 


' Hist Phya. des Plantes and desaen Formeii,** • Verhand. 
d Europe,' tom. ii. 1841, p, 371. des nsturhist. Vereios fttr preuss. 
Wirtigen,^ Ueber XpeAnim saHearia Bheinl.' 5. Jalirgaiiig, 134^ 8. 7. 
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Long-styled form . — This form can be at once recog- 
nised by the length of the pistil, which is (including 
the oyarium) fully one-third longer than that of the 
mid-styled, and more than thrice as long as that of the 
short-styled form. It is so disproportionately long, that 
it projects in the bud through the folded petals. It 
stands out considerably beyond the mid-length sta- 
mens; its terminal portion depends a little, but the 
stigma itself is slightly upturned. The globular stigma 
is considerably larger than that of the other two forms, 
with the papillae on its surface generally longer. The 
six mid-length stamens project about two-thirds the 
length of the pistil, and correspond in length with the 
pistil of the mid-styled form. Such correspondence 
in this and the two following forms is generally very 
close ; the difference, where there is any, being usually 
in a slight excess of length in the stamens. The six 
shortest stamens lie concealed within the calyx ; their 
ends are turned up, and they are graduated in length, 
so as to form a double row. The anthers of these sta- 
mens are smaller than those of the mid-length ones. 
The pollen is of tJic same yellow colour in both sets. 
H. Muller* measured the pollen-grain in all three 
forms, and his measurements are evidently more trust- 
worthy than those which I formerly made, so I will 
give them. The numbers refer to divisions of the 
micrometer equalling mm. The grains, distended 
with water, from the mid-length stamens are 7-7^, 
and those from the shortest stamens 6 - 61 ^ in diameter, 
or as 100 to 86 . The capsules of this form contain 
on an average 93 seeds; how this average was ob- 
tained mil presently be explained. * As these seeds, 
when cleaned, seemed larger than those from the mid- 


* Die BefniclituDg der Blumeo/ 1873, p. 198. 
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styled or short-styled forms, 100 of them were placed 
in a good balance, and by the double method of weigh- 
ing were found to equal 121 seeds of the mid-styled or 
142 of the short-styl^ ; so that five long-styled seeds 
very nearly equal six mid-styled or seven short-styled 
seeds, • 

Mid-styled form . — The pistil occupies the position 
represented in the diagram, with its extremity consi- 
derably upturned, but to a variable degree; the 
stigma is seated between the anthers of the longest 
and tlie shortest stamens. The six longest stamens 
correspond in length with the pistil of the long-styled 
form; their filaments arc coloured bright pink; the 
anthers are dark-coloured, but from containing bright- 
green pollen and from their early dehiscence theyappear 
emerald-green. Hence in general appearance these 
stamens arc remarkably dissimilar from the mid-length 
stamens of the long-styled form. The six shortest sta- 
mens are enclosed within the calyx, and resemble in 
all respects the shortest stamens of the long-styled 
form ; both these sets correspond in length with the 
short pistil of tlie short-styled form. The green pol- 
len-grains of the longest stamens are 9-10 in dia- 
meter, whilst the yellow grains from the shortest 
stamens are only 6 ; or as 100 to 63. But the pollen- 
«frftiins from different plants appeared to me, in this 
case and others, to be in some degree variable in size. 
The capsules contain on an average 130 seeds; but 
perhaps, as we shall see, this is rather too high an 
average. The seeds themselves, as before remarked, 
are smaller than those of the long-styled form. 

Short-styled form . — The pistil is here very short, not 
one-third of the length of that of the long-styled form. 
It is enclosed within the calyx, which, differently from 
that in the other two forms,, does not enclose any an- 
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thers. The end of the pistil is generally bent upwards 
at right angles. The six longest stamens, with their 
pink filaments and green pollen, resemble the corre- 
sponding stamens of the mid-styjjsd form. But accord- 
ing to H. Muller, their pollen-grains are a little larger, 
viz. instead of 9-10 iir diameter. The six 

mid-length stamens, with their uncoloured filaments 
and yellow pollen, resemble in the size of their pollen- 
grains and in all other respects the corresponding 
stamens of the long-styled form. The difference in 
diameter between the graias from the two sets of 
anthers in the short-styled form is as 100 to 73. 
The ca 2 >sules contain fewer seeds on an average than 
those of either of the preceding forms, namely 83 ■ 5 ; 
and the seeds are considerably smaller. In this latter 
respect, but not in number, there is a gradation 
parallel to that in the length of the pistil, the long- 
styled having the largest seeds, the mid-stylcd the 
next in size, and the short-styled tlie smallest. 

We thus see that this plant exists under three 
female forms, whicli differ iR the length and curva- 
ture of the style, in the size and state of the stigma, 
and in the number and size of the seed. There ar<‘ 
altogether thirty-six males or stamens, and these can 
be divided into three sets of a dozen each, differing 
from one another in length, curvature, an<l colour' of. 
the filaments — in the size of the anthers, and especially 
in the colour and diameter of the pollen-grains. Each 
fonn bears half-a-dozen of one kind of stamens and 
half-a-dozen of another kind, but not all three kinds. 
The three kinds of stamens correspond in length with 
the three pistils : the correspondence is always between 
half of the stamens in two of the forms with the pistil 
of the third form. The following table of the diameters 
of the pollen-grains, after immersion in water, from 
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both sets of stamens in all three forms is copied from 
H. Muller ; they are arranged in the order of . their 
size : — 

Pollen-graiiiB from longeatt. stamens of short>styled foi'm 9} to 10} 

„ „ „ „ mid-styUd „ 9 „ 10 

„ „ mid-length stamens of long-styled „ 7 ,, 7} 

» » >1 * •• short-styled „ 7 „ l\ 

„ „ shortest stamens of long-styled ^ G ,, 6} 

„ „ „ „ mid-btyled „ 6 „ 6 

We here see that the largest pollen-grains come from 
the longest stamens, and the least from the shortest ; 
the extreme difference in diameter between them 
being as 100 to 60. 

The average number of seeds in the three forms was 
ascertained by counting them in eight fine selected 
capsules taken from plants growing wild, and the 
result was, as wo have seen, for the long-styled (neg- 
lecting decimals) 93, mid-styled 130, and short-styled 
83. I should not have trusted in these ratios had I 
not possessed a number of plants in my garden which, 
owing to their youth, did not yield the full comple- 
m(?ut of seed, but were of the same age and grew 
under the same conditions, and were freely visited by 
bees. I took six fine capsules from eacli, and found 
the average to be for the long-styled 80, for the mid- 
styled 97, and for the short-styled 61. Lastly, legiti- 
jAwate unions effected by me between the three forms 
gave, as may be seen in the following tables, for the 
If)ng-styled an average of 90 seeds, for the mid-styled 
117, and for the short-styled 71. So that we have 
good concurrent evidence of a difference in the average 
production of seed by the three forms. To show that 
the anions effected by me often produced their full 
effect and may be trusted, I may state that one mid- 
styled capsule yielded 151 good seeds, which is the 
same number as in the finest wild capsule which I 
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examined. Some artificially fertilised short- and long- 
styled capsules produced a greater number of seeds than 
was evOT observed by me in wild plants of the same 
forms, rat then I did not examine many of the latter. 
This plant, i may add, offers a remarkable instance, how 
profoundly ignorant we are of the life-conditions of a 
species. Naturally it grows “in wet ditches, watery 
places, and especially on the banks of streams,” and 
though it produces so many minute seeds, it never 
spreads on the adjoining land ; yet, when planted in my 
garden, on clayey soil lying over chalk, and which is so 
dry that a rush cannot be found, it thriTes luxuriantly, 
grows to above 6 feet in height, produces self-sown 
seedlings, and (which is a severer test) is as fertile as 
in a state of nature. Nevertheless it would be almost 
a miracle to find this plant growing spontaneously on 
such land as that in my garden. 

According to Vaucher and Wirtgen, the three forms 
coexist in all parts of Europe. Some Mends gathered 
■for me in North Wales a number of twigs from 
separate plants growing near jone another, and clas- 
sified them. My son did the same in Hampshire, and 
here is the result : — 


TabiiB 22. 


— 

Long-styled. 

j Mid-styled. 

1 

j Slioit<Btjled. 

Total. 

North Wales . 

• * 

95 

97 

1 72 

264 

Hampshire . 

* a 1 

53 

38 

1 88 

129 

Total . 

• 

148 

! 135 

no 

i 

393 


If twice or thrice the number had been collected, 
the three fbrms would probably .have been found 
nearly e^ilal ; T infer this from considering the above 
fignies, and from my «m telling me that H he had 
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collected in Another spot/ he felt sure that the mid- 
styled plants would have been in excess. I seyeial 
times sowed small parcels of seed, and raised three 
forms; but 1 neglected to record the parent>form, 
excepting in one instance, in which I raised from 
shor^tyled seed td^elre plants, of which only one 
turned out long^styled, four mid>styled, and seven 
short-styled. 

Two plants of each form were protected, firom the 
access of insects during two successive years, and in the 
autumn they yielded very few capsules and presented 
a remarkablo contrast with the adjoining uncovered 
plants, which were densely covered with capsules. Li 
186G a protected long-styled plant produced only five 
})oor capsules ; two mid-styled plants produced together 
the some number ; and two short-styled plants only a 
single one. Tliese capsules contained very few seeds ; 
yet the plants were fully productive when artificially 
fertilised under tho net. In a state of nature the 
flowers are incessantly visited for their nectar by hive- 
and other bees, various J)iptora and Lopidoptera.* The 
nectar is secreted all round the base of the ovarium ; 
but a passage is formed along the upper and inner 
side of the flower by the lateral deflection (not repre- 
sented in the diagram) of the basal portions of the 
ilf>ments ; so that insects invariably alight on the pro- 
jecting stamens and pistil, and insert their probosQides 
along the upper and inner margin of the corolla. We 
can now see why the ends of the stamens w^th their 
anthers, and the ends of the pistils with their stigma.s, 

, * H. Miiller rive* • libt of the one bee, the OiKm* welaiMn^ 
apedea, *Sie Beftuobtung ier almoet conflavs its ridti to this 
Blnomi,' p. 198 . It oppeon that plant. ' * 
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are a little upturned, so that they may be brushed by 
the lower hairy surfaces of the insects’ bodies. The 
shortest stamens which lie enclosed within the calyx of 
the long- and mid-styled forms can be touched only by 
the proboscis and narrow chin of a bee; hence they 
have their ends more upturned, afld they are graduated 
in length, so as to fall into a narrow file, sure to be 
raked by the thin intruding proboscis. The anthers of 
the longer stamens stand laterally farther apart and are 
more nearly on the same level, for they have to brush 
against the whole breadth of the insect’s body. In 
very many other flowers the pistil, or the stamens, or 
both, are rectangularly bent to one side of the flower. 
This bending may be permanent, as with Lythrum 
and many others, or may be effected, as in Dictum- 
ntia fraxineUa and othei^s, by a temporary movement, 
which occurs in the case of the stamens when the 
anthers dehisce, and in the case of the pistil wlnui 
the stigma is mature; but these two movements do 
not always take place simultaneously in the same 
flower. Now I have found- no excei)tion to the rule, 
that when the stamens and pistil are bent, they bend 
to that side of the flower which secretes nectar, even 
though there be a rudimentary nectary of large size 
on the opposite side, as in some species of Corydalis. 
When nectar is seended on all sides, they bond vo 
that side where the stnicture of the flower allows the 
easiest access to it, as in I/ythrum^ various Papilio- 
nacem, and others. The rule consequently is, that 
when the pistils and stamens are curved or bent, the 
stigma and anthers are thus brought into the path.- 
way leading to the nectary. There are a few cases 
which seem to be exceptions to this rule, but they are 
not so in truth ; for instance, in the Gloriosa lily, the 
stigma of the grotesque and rectangularly bent pistil 
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is brought^ not into any pathway from the outside 
towards the nectar-secreting recesses of the flower, but 
into the circular route which insects follow in proceed- 
ing from one nectary to the other. In SorophulaHa 
aqUatica the pistil is bent downwards from the mouth 
of the corolla, but it thus strikes the pollen-dusted 
breast of the wasps which liabitually visit these ill- 
scented flowers. In all these cases we see the supreme 
dominating power of insects on the structure of flowers, 
especially of those which have irregular corollas. 
Flowers which are fertilised by tlie wind must of 
course be excepted; but I do not know of a single 
instance of an irregular flower which is thus fertilised. 

Another point deserves notice. In each of the three 
forms two sets of stamens correspond in length with 
the pistils in the other two forms. When bees suck the 
flowers, the anthers of the longest stamens, bearing the 
green pollen, are rubbed against the abdomen and the 
inner sides of tlie hind legs, as is likewise tlie stigma of 
the long-styled form. The anthers of the mid-length 
stamens and the stigma of the mid-styled form are 
rubbed against the under si<le of the thorax and be- 
tween the front pair of legs. And, lastly, the anthers 
of the shortest stamens and the stigma of the short- 
styled form arc rubbed against the proboscis and chin ; 
fSr the bees in sucking the flowers insert only the front 
part of their heads into the flower. On catching bees, I 
observed much green pollen on the inner sides of the 
hind legs and on the abdomen, and much yellow 
pollen on the under side of the thorax. There was 
also pollen on the chin, and, it may be presumed, bn 
the proboscis, but this was difficult to observe. I had, 
however, independent proof that pollen is carried on 
the proboscis ; for a small branch of a protected short- 
styled plant (which produced spontaneously only two 

L 2 
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capsules) was accidentally left during several days 
pressing against the net, and bees were seen inserting 
their proboscides through the meshes, and in conse- 
quence numerous capsules were formed on this one 
small branch. From these several facts it follows that 
insects will generally carry the pollen of each form from 
the stamens to the pistil of corresponding length ; and 
we shall presently see the importance of this adapta- 
tion. It must not, however, be supposed that the b<*es 
do not get more or less dusted all over with the several 
kinds of pollen ; for this could be seen to occur with 
the green pollen from the longest stamens. Moreover 
a case will presently be given of a long-styled plant 
producing an abundance of capsules, though grow- 
ing quite by itself, and the flowers must have been 
fertilised by their own two kinds of pollen; but 
these capsules contained a very poor average of seed. 
Hence insects, and chiefly bees, act both as general 
carriers of pollen, and as special carriers of the riglit 
sort. 

Wirtgen remarks* on the variability of this plant in 
the branching of the stem, in the length of the bractea*, 
size of the petals, and in several other characters. The 
plants whibh grew in my garden had their leav(‘s, 
which differed much in shape, arranged oj)})Ositely, 
alternately, or in whorls of three. In this latter case 
the stems ,were hexagonal ; those of the other plants 
being quadrangular. But we are concerned chiefly, 
with the reproductive organs : the upward bending of 
the pistil is variable, and especially in the short-styled 
form, in which it is sometimes straight, sometimes 
slightly curved, but generally bent at right angles. 
The stigma of the long-styled pistil frequently has 

* ‘YerhanU. des oatiiThist. Veremfl, fUr Pr. Rbcinl.* 5. Jalirgiing, 
1848, pp. 11, 13. ^ 
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longer papillae or is rougher than that of the mid- 
styled, and the latter than that of the short-styled; 
but this character, though fixed and uniform in the 
two forms of Primula verisy &c., is here variable, for 
I have seen mid-styled stigmas rougher than those 
of the long-styled.* The degree to which the longest 
and mid-length stamens are graduated in length and 
]iave their ends upturned is variable ; sometimes all 
are equally long. The colour of the green pollen jn 
the longest stamens is variable, being sometimes pale 
greenish-yellow ; in one short-styled plant it was almost 
white. The grains vary a little in size : I examined 
one short-styled plant with the grains above the 
average size ; and I have seen a long-styled plant with 
the grains from the mid-length and shortest anthers of 
the same size. We here see great variability in many 
important characters ; and if any of these variations 
were of service to the plant, or were correlated with 
useful functional differences, the species is in tliat 
state in which natural selection might readily do much 
for its modification. 


On the Power of Mutiud Fertilisation between the (hret^ 
Forms. 

10^ 

Nothing shows more clearly the extraordinary com- 
plexity of the reproductive system of this plant, than 
the necessity of making eighteen distinct unions in 
order to iiscertain the relative fertilising power of the 


♦ Tho plants which I observed 
grow in my garden, and probably 
varied latiier more than those 
growing in a state of nature. U* 
SfOller lias described the stigmas 
of aU three forms with great core, 


and he appears to have found the 
stigmatio papilliB differing con- 
stantly in length and structure in 
the three furnis, being longest in 
the long-styled form. 
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three forms. Thus the long-styled form has to be fer- 
tilised with pollen from its own two kinds of anthers, 
from the two in the mid-styled, and from the two in 
the short-styled fonn. The same process has to be 
repeated with the mid-styled and short-styled forms. 
It'might have been thought sufficient to have tried on 
each stigma the green i>ollen, for instance, from either 
the mid- or short-styled longest stamens, and not 
from both; but the result proves that this would 
have been insufficient, and that it was necessary to 
try all six kinds of pollen on each stigma. As in 
fertilising flowers there will alw^ays l>e some failures, 
it would have been advisable to have repeated each of 
the eighteen unions a score of times ; but the labour 
would have been too great; as it was, I made 223 
unions, i.e. on an average I fertilised above a dozen 
flowers in the eighteen different methods. Each flower 
was castrated ; the adjoining buds had to be removed, 
so that the flowers might be safely marked with 
thread, 'wool, &c.; and after each fertilisation the stigma 
was examined with a lens to see that there was suffi- 
cient pollen on it. Plants of all tliree forms were 
protected during two years by large nets on a frame- 
work ; two plants were used during one or both years, 
in order to avoifl any bidividual peculiarity in a par- 
ticular plant. As soon as the flowers had withered^ 
the nets were remove<l ; ami in the autumn the cap- 
sules were daily inspected and gathered, the ripe 
seeds being counted under the microscope. I have 
given these details that confidence may be placed 
in the following ttiblcs, and as some excuse for two 
blunders which, I believe, were made. These blunders 
are referred to, with their probable cause, in two 
foot-notes to the tables. Th6 erroneous numbers, how- 
ever, are entered in the tables, that it may not be sup- 
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posed that I have in any one instance tampered with 
the results, 

A few words explanatory of the three tables must be 
given. Each is devoted to one of the three forms, and 
is divided into six compartments. The two upper ones 
in each table show tbe number of good seeds resulting 
from the application to the stigma of pollen from the 
two sets of stamens which correspond in length with 
tlie pistil of that form, and which are borne by the 
other two forms. Such unions arc of a legitimate 
nature. The two next lower compartments show the 
result of the application of pollen from the two sets of 
stamens, not corresponding in length with the pistil, 
and which are borne by the otlxer two forms. These 
unions are illegitimate. The two lowest compartments 
show the result of the application of each form’s own 
two kinds of pollen from the two sets of stamens be- 
longing to the same form, and which do not equal the 
pistil ill length. Tlicsc unions are likewise illegiti- 
mate. The term own-form pollen here used does not 
mean pollen from the flower to be fertilised — for this 
was never used — but from another flower on the same 
plant, or more commonly from a distinct plant of the 
same form. The figure (0) means that no capsule was 
produced, or if a capsule was produced that it contained 
no good seed. In some part of each row of figures in 
each compartment, a short horizontal line may be seen ; 
the unions above tliis line were made in 1862, and 
below it in 1863. It is of importance to observe this, 
as it shows that the same general rqsult was obtained 
during two successive years ; but more especially be- 
cause 1863 was a very hot and dry season, and the 
plants had occasionally to be watered. This did not pre- 
vent the full complement of seed being produced from 
the more fertile unions; but it rendered the less fertile 
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ones even more sterile than they otherwise would have 
been. I have seen striking instances of this fact in 
making illegitimate and legitimate unions ^ith Pri- 
mula ; and it is well known that the conditions of life 
must be highly favourable to give any chance of suc- 
cess in producing hybrids between species which are 
crossed with difficulty. 

Table 23. — lA>nj-Htyhd Foim. 


L 

Legitimate union. 

13 flowerb fertilised by the longest 
stamens of the mid-<%t)led. Thobe 
stamens equal in length the pistil 
of the long'&tyled. 

Product of good seed in each cap- 
sule. 

36 53 

81 U 

0 6 

0 0 

0 0 

— 0 

45 
41 


II. 

Legitimate union. 

13 flowers f< r. Iised by the longest 
stimens of the short-styled. Tllc^e 
Btjmen*> equal t lenirfh the pis»ti' 
of the lung- U. 

Product of good seed ath cap- 
ale. 

150 104 

43 iiy 

06 poor seed 06 
103 09 

0 131 

0 116 

114 


38 per cent, of these flowers 
yielded capsules. Each ca}>sule con- 
tained, on an arerage, 51*2 seeds. 


'84 per cent, of these Soweis 
yielded capsules. J*ich « ap<mlc con- 
tained, on an axeitige, 1<J7*3 seeds. 


III. 


Ulegitimaie union. 

14 flowers fertilised by the short- 
est stamens of the mid-stylcd. 


3 

0 

0 

0 



0 

0 


0 

0 

.0 

0 

0 

0 

0 


IV. 

I lllegitimafe union. • 

I 12 flowers fertilised by the mid- 
length stamens of the short-styled. 

20 0 

0 0 

0 0 

0 0 

0 

0 0 

0 


Too sterile for any average. 


Too sterile for any arerage. 
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Table 23. — Long-^atyled Form — continued^ 


V. 

lUegitimaie union. 

VI. 

Illegitimate union. 

15 flowers fertilised by own-form 

15 flowers fertilised by own-form 

mid-length stamens. 

2 

• 

shortest stamens. 

4 


10 

0 

S 

0. 

23 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

To , sterile for any average. 

Too sterile for any average. 


Bosi<les the above experiments, I fertilised a consi- 
demblo number of long-styled flowers with pollen, 
taken by a camel’s-hair brush, from both the mid- 
length and shortest stamens of their own form : only 
5 capsules were produced, and these yielded on an 
average 14 '5 seeds. In 1863 I tried a much better ex- 
periment: a long-styled plant was grown by itself, 
miles away from any oth . plant, so that the flowers 
could have received only their own two kinds of pol- 
len. The flowers were incessantly visited by bees, and 
their stigmas must have received successive applica- 
tions of pollen on the most favourable days and at the 
most favourable hours: all who have crossed plants 
know that this highly favours fertilisation. This plant 
produced an abundant crop of capsules; I took by 
chance 20 capsules, and these contained seeds in 
number as follows : — • 


20 

20 

35 

21 

19 

26 

24 

» 12 

23 

10 

7 

30 

27 

29 

13 

20 

12 

20 

19 

35 
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This gives an average of 21*5 seeds per capsule. As 
wo know that the long-stylod form, when standing 
near plants of the other two forms and fertilised by 
insects, produces on an average 93 seeds per capsule, 
we see tnat this form, fertilise(l by its own two pollens, 
yields only between one-fourth and one-fifth of the full 
number of seed. I have spoken as if the plant had re- 
ceived both its own kinds of pollen, and this is, of 
course, possible ; but, from tlie enclosed position of the 
shortest stamens, it is much more probable that the 
stigma received exclusively j)ollen from the mid- 
length stamens; and this, as may be seen in com- 
partment V. in Table 23, is the more fertile of tlie two 
self-unions. 


TiBliE 21. — Mid-styM Form. 


I. 

Legitimate union. 

12 flowers fertilised by the mid- 
lengtb stamens uf the long-staled. 
These stamens equal m length the 
pistil of the mid-st) led. 

Product of good seed in encH cap- 
side. 


138 

122 

149 

50 

147 

151 

109 

119 

113 

138 

144 

0 


92 per cent, of the flowers (pro- 
bably 100 per cent.) yielded cap- 
sules. Each capsule conttiined, on 
an average, 127 3 seeds. 


II. 

Ijegitiinate union. 

12 flowers fertilised by the mid- 
^ length stamens of the short-styled. 

These stamens equal in length the 
t pistil of the mid-styled. 

Profliict of good seed in each cap- 
sule. 


112 

109 

130 

143 

143 

124^ 

100 

145 

33 

12 

104 

141 


100 fier cent, of the flowers yielded 
capsules. Each capsule contained, 
op anarerage, 108*0 seeds; or, ex- 
cluding capsules with less than 20 
seeds, the average is 116*7 seeds. 
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Table 24 . — Mid-styled Form — continued. 


111 . 

Illegitimate union. 

13 flowers fertilised by the short- 
est stain etts of the long-styled. 

12 • 

19 

g.Jsecds small 
' ^ and i) 0 (»r. 
0 
0 
0 
0 

04 j/or cent, of the flowers yielded 
caiwulos. Each ca]»ule contained, 
on sin average, 47*4 seeds; or, ex- 
cluding ca|>sulcs with le.ss than 20 
scodb, the a«cTage is 00*2 seeds. 


IV. 

Illegitimate union. 

15 flowers fertilised by the long- 
est .stamens of the shorl-styled. 


130 

86 

115 

113 

14 

29 

6 

17 

2 

113 

9 

79 

— 

128 

132 

0 


93 per cent, of the flowei’s yielded 
c.i})suies. Each cajisule contained, 
on an average, 69 * o seeds ; or, ex- 
cluding capsules with less than 20 
seeds, the average is 102*8. 


83 

0 

0 


44 

44 

45 


V. 

Ill4njitimate union. 

12 flower's fertilised by own-form 
longest st.iRicns. 


92 0 

9 0 

03 0 

— 0 

136?* 0 

0 0 

0 


Exclitdiug the Ctspsule with 1.36 
seeds, 25 per cent, of the flowers 
yielded capNtiles, and each G.ipsule 
contained, on an .ivernge, 54*6 seeds; 
or, exi'i tiding capsules with less than 
20 seed.s, the average is 77*5. 


VI. 

Illegitimate union. 

12 flowers fertilised by own-form 
shortc'st stiiniens, 

0 0 

t) 0 

0 0 

— 0 

0 0 

0 0 

0 

Not one flower yielded a capsule. 


• * I have hardly a doubt that 

thiB rostilt of 136 seeds in ooinpni t- 
ment V. was duo to a gross error. 
The flowers ^to bo fertilised by 
thoir own longest stiunens were 
first marked by ** white thread,'* 
atiii tliose by the mid-len^rtli 
stamens of the long-styled Torm 
by ** white silk a flower fertilised 
in the later manner would have 
y ielded about 136 seeds, and it may 
be observed that one such pod is 


tnissiiig, viz. at the bottom of 
oompartment I. Therefore I have 
hartlly any deiibt that I fertilised 
a flower innrked with ** white 
threaii ’ os if it had lieen marked 
with ^ white sUk.** With respect 
to the capsule which yielded 92 
seeds, in the same oolumn with 
that which yielded 18^ I do 
not know what to think. I 
endeavoured to prevent pollen 
dropping from an upper to a lower 
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Besides tKe experiments in the above table, I ferti- 
lised a considerable number of mid-styled flowers' witli 
pollen, taken by a camel’s-hair brush, from both the 
longest and shortest stamens of their own form : only 
5 capsules were produced, and these yielded on an 
average ll'O seeds. 


Table 25. — Shorl-styhd Form, 


I. 


II. 


Legilimaie union, 

12 Aowtii's fertihncA by the short- 
est stamens of the long-styled. 
These stamens equal in length the 
pistil of the short-styled. 


69 

56 

61 

88 

88 

11‘2 

66 

111 

0 

6-2 

0 

100 


83 percent, of the flowers yielded 
capsnles. tLach capsule contained, 
on an average, 81*3 seeds. 


III. 


LegitimcUe union. 

13 flowers fertilised by the short- 
est stamens of the mid-styled. 
These stamens equal in length the 
pistil of the short-styled. 


93 

69 

77 

69 

48 

53 

43 

0 

0 

0 

0 

0 

— 

0 


6 1 per cent, of the flowers yielded 
capsules, tiiich capsule contained, 
on an .tveragc, fl4*ti seeds. 


IV. 


JHegitimate union, 

10 flowers iertilised by the mid- 
length stamens of the long-styled. 


0 

II 

0 

0 


14 

0 

0 

0 

0 


lUegitivmte union, 

10 flowers fertilised by the long- 
est stamens of the mid-stylcd. 


0 

0 

0 

0 


0 

0 

0 

0 . 


0 


23 




Too sterile for any average. 


Too sterile for any average. 


llowor, anil 1 tried totremember to 
wipe the pincers rarr^rully alter 
each fuiiUientioii: but in making 
eighteen ditf^ront aiiiona, iKiine- 
timea on wind v days, and peatorod 
by beua and filea buzzing almut, 
some few errore could hardly be 
avoided. One day I had to keep 
a third mun by me aU the time to 
prevent the bees visiting the un- 


covered plants, for in a few 
seconds* time they might have 
done irrc'panible inisohief. It was 
also eztrenkdy difficult to exclude 
minute Dlptera from the net. In 
1862 1 made the great mistake of 
placing a miil-styleil and long* 
styled under the lame huge net : 
ill 1863 1 avoided this error. 
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Table 25 . — ShorMyled Form — continued. 


V. 

lUegitimaJie union. 

VI. 

Illegitimate union. 

10 flowers fertilised by own-form 

10 flowers fertilised by own-form 

longest stamens. 

0 

0 

mid-iength Btamonik 
64?* 

0 

0 

0 

' 0 

0 

0 

0 

0 

0 

— 

0 

— 

0 

0 

0 

21 

0 

0 


9 

0 

Too sterile for 

any average. 

Too sterile for any average. 


the ex 2 )orimonts in the table, I fertilised a 
number of flowers without jiarticiilar care with their 
own two kinds of i)ollen, but they did not produce a 
single capsule. 


Summary of the Results. 

Lonff-styled form. — Twenty-six flowers fertilised le- 
gitimately by the stamens of corres^ionding length, 
borne by the mid- and short-styled forms, yielded 01*5 
per <*.ont. of cajisules, which contained on an average 
89‘7 seeds. 

Twenty-six long-styled flo\y<irs fertilised illegiti- 
mately by the other stamens of the mid- and short- 
styh d forms yiehlod only two very i)oor capsules. 

Thirty long-styled flowers fertilis(?d illegitimately by 
their own-form two sets of stamens yielded only eight 
very i)oor capsules ; but long-styled flowers fertilised 


• I fiuspoct that by inistuke I 
fttttiliaed this flower in oompiirt- 
ment VI. with pollen from tho 
shortest stamens of the long-styled 
torm, and it wouW then have 
yielded altont 64 seeds. FJowers 


to he thus flrrtilised were marked 
with black silk ; those with pollen 
from the mid-length stamens of 
the short-styled with black thread ; 
and thus probably the mistake 
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by bees with pollen from their own stamens produced 
numerous capsules containing on an average 21*5 
seeds. 

Mid-stfjled form. — Twenty-four flowers legitimately 
fertilised* by the stamens of corresponding length, 
borne by the long and sliort-styled forms, yielded 96 
(probably 100) per cent, of capsules, which contained 
(excluding one capsule with" 12 seeds) on an average 
117*2 seeds. 

Fifteen mid-styled flowers fertilised illegitimately 
by the longest stamens of the short-styled form yielded 
93 per cent, of capsules, which (excluding four cap- 
sules with less than 20 seeds) contained on an average 
102*8 seeds. 

Thirteen mid-styled flowers fertilised illegitimately 
by the mid-longth stamens of tlie long-styled form 
yielded 54 per cent, of capsules, which (excluding 
one with 19 seeds) contained on an average 60*2 seeds. 

Twelve mid-styled flowers fertilised illegitimately 
by their own-form longest stamens yielded 25 per 
cent, of capsules, which (excluding one with 9 seeds) 
contained on an average 77*5 seeds. 

Twelve mid-styled Aimers fertilised illegitimately 
by their own-form shortest stamens yielded not a 
single capsule. 

Short-dyled form. — Twenty-five flowers fertilised 
legitimately by the stamc^ns of corresponding length, 
Iwme by the long ainl mid-styled fi>rms, yielded 72 
per cent, of capsules, which (excluding one capsule 
with only 9 seeds) cont^iincil on an average 70*8 
seeds. 

Twenty short-styled flowers fertilised illegitimately 
by the other stamens of the long and mid-stylcd forms 
yielded only two very poor capsules. 

Twenty short-styled flowers fertilised illegitimately 
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by their own stamens yjielded only two poor (or per- 
haps three) capsules. 

If we take all six legitimate unions together, and 
all twelve illegitimate unions together, we get the fol- 
lowing results : — • 

^ Table 26. 


1 ^ 

* Number 

Nature of Union. ! of M«nera 

1 feitilibed. 

Number 
ot CapRitloB 
produced. 

Average 
NunibiT of 
Seeds per 
Capsule. 

Average 
Number of 
Set (Is pier 
Flo« er ler- 
tihscd. * 

The six legitimate! 1 

unions . . . J ! 

1 56 

96-29 

71-89 

The twelve illegiti*) ' 

mate unions • •/ 

1 

j 

44-72 

11-03 


Therefore the fertility of the legitimate unions to that 
of the illegitimate, as judged by the ju'oportion of the 
fertilised flowers which yielded capsules, is as 100 to 
33 ; and judged by the average number of seeds per 
capsule, as 100 to 46. 

From this summary and the several foregoing tables 
we see that it is only pollen from tlie longest stamens 
which can fully fertilise the longest pistil ; only that 
from the mid-length stamens, the mid-length pistil; 
and only that from the shortest stamens, the shortest 
pistil. And now we can comprehend the meaning of 
the almost exact correspondence in length between 
the pistil in each form and a set of six stamens 
in two of the other forms; for the stigma of each 
form is thus rubbed against that part of the insect’s 
body wliicdi becomes cliarged with the proper pollen. 
It is also evident that the stigma of each form, 
fertilised in three different ways with |)ollen from 
the longest, mid-length, and shortest stamens, is acted 
on very differently, and conversely that the pollen from 
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the twelve longest, twelve mid-length, and^.twelve 
shortest stamens acts very dijfferently on each of the 
three stigmas ; so that there are three sets of female 
and of male organs. Moreover, in most cases the six 
stamens of each set differ somewhat in their fertilising 
power from the six corresponding ones in one of the 
other forms. We may further draw the remarkable 
conclusion that the greater’' the inequality in length 
between the pistil and the set of stamens, the pollen 
of which is employed for its fertilisation, by so much 
is the sterility of the union increased. There are no 
exceptions to this rule. To understand what follows 
the reader should look to Tables 23, 24, and 25, and 
to the diagram Fig. 10, p. 139. In the long-styled form 
the shortest stamens ol^viously differ in length from 
the pistil to a greater degree than do the mid-length 
stamens ; and the capsules produced by the use of 
pollen from the shortest stamens contain fewer seeds 
than those produced by the pollen from the mid- 
length ftamens. The same result follows with the 
long-styled form, from the use of the pollen of the 
shortest stamens of the mid-styled form and of the 
mid-length stamens of the short-styled form. The 
same rule also holds good with the mid-styled and 
short-styled forms, when illegitimately fertilised with 
pollen from the stamens more or less unequal *in 
length to their pistils. Certainly the difference in 
sterility in these several cases is slight ; but, as far as 
we are enabled to judge, it always increases with the 
increasing ineq^lity of length between the pistil and 
the stamens which are used in each case. 

The correspondence in length between the pistil in 
each form a&d a set of stamens in the other two forms, 
is probably the direct result of adaptation^ as it is of 
high service to the species by leal^ng to full and 
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legitiniate fertilisation. But the rule of the increased 
sterility of the illegitimate unions according to the 
greater inequality in length between the pistils and 
stamens employed for the union can be of no service. 
With some heterostyled dimorphic plants* the dif- 
ference of fertility between the two illegitimate unions 
appears at first sight to be related to the facility of 
self-fertilisation; so that when from the position of 
the parts the liability in one form to self-fertilisation 
is greater than in the other, a imion of this kind 
lias been checked by having been rendered the 
more sterile of the two. But this explanation does 
not apply to Lythmm ; thus the stigma of the long- 
styled form is more liable to be illegitimately fer- 
tilised with pollen from its own mid-length stamens, 
or with pollen from the mid-length stamens of the 
short-styled form, than by its own shortest stamens 
or those of the niid-styled fonn ; yet the two former 
unions, which it might have been expected would 
have been guarded against by increased sterility, 
are much less sterile than the other two unions 
which are much less likely to be effected. The 
same relatibn holds good even in a more striking 
manner with the mid-styled form, and with the short- 
styled form as far as the extreme sterility of all its 
illegitimate unions allows of any comparison. We 
are led, therefore, to conclude that the rule^f in- 
creased sterility in accordance with increased in- 
equality in length between the pistils and stamens, 
is a purposeless result, incidental on those changes 
through which the species has passed in acquiring 
certain characters fitted to ensure the legitimate 
fertilisation of the three forms. 

Another conclusion which may he drawn from 
Tables 23, 24, and 25, even from a glance at them, 
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is that the mid-styled form differs from both the 
others in its much higher capacity for fertilisation 
in various ways. Not only did the twenty-four flowers 
legitimately fertilised by the stamens of corresponding 
lengths, all, or all but one, yield capsules rich in 
seed ; but of the other four illegitimate unions, that 
by the longest stamens of the short-styled form was 
highly fertile, though loss so than the two legitimate 
unions, and that by the mid-length stamens of the 
long-styled form was fertile to a considerable degree ; 
the remaining two illegitimate unions, namely, with 
this form's own pollen, were sterile, but in different 
degrees. So that the mid-styled form, when fertilised 
in the six different possible methods, evinces five 
grades of fertility. By comparing compartments III. 
and VI. in Table 24 we may see that the action of 
the pollen from the shortest stamens of the long-styled 
and mid-styled forms is widely different ; in the one 
case above half the fertilised flowers yielded capsules 
containing a fair number of seeds ; in the other case 
not one ca 2 )sule was produced.- So, again, the green, 
large-grained pollen from the longest stamens of 
the short-styled and mid-styled forms (in compart- 
ments IV. and V.) is widely different. In both those 
cases the diflereiice in action is so plain that it cannot 
be mistaken, but it can be corroborated. If we look 
to Ta\y.e 25 to the legitimate action of the shortest 
stamens of the long- and mid-styled forms on the 
short-styled form, w^e again see a similar but slighter 
difference, the pollen of the shortest stamens of the 
mid-styled form* yielding a smaller average of seed 
during the two years of 1862 and 1863 than that from 
the shortest stamens of the long-styled form. Again, 
if we look to Table 23, to the legitimate action on 
the long-styled form of the green pollen of the two 
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sets of longest stamens^ we shall find exactly the same 
result, viz. that the pollen from the longest stamens of 
the mid-styled form yielded during both years fewer 
seeds than that from the longest stamens of the 
shOrt-styled form. Hence it is certain thaf the two 
kinds of pollen produced by the mid-styled form are 
less potent than the two similar kinds of pollen pro- 
duced by the corresponding stamens of the other two 
forms. 

In close connection wdth the lesser potency of the 
two kinds of pollen of the mid-styled form is the fact 
that, according to II. Muller, the grains of both are 
a little less in diameter than the corresponding grains 
produced by the other two fonns. Thus the grains 
from tlie longest stamens of the mid-styled form are 
5i to 10, whilst those from the corresponding stamens 
of the short-styled form are 9^ to 10^ in diameter. 
So, again, the grains from the shortest stamens of the 
mid-styled are 6, whilst those from the corresponding 
stamens of the long-styled are 6 to 6^ in diameter. 
It would thus appear as if the male organs of the 
mid-styled form, though not as yet rudimentary, were' 
tending in this direction. On the other hand, the 
female organs of this fonn are in an eminently efficient t 
state, for the naturally fertilised capsules yielded a 
considerably larger average number of seeds than 
those of the other two forms — almost every i^ower 
which was artificially fertilised in a legitimate manner 
produced a capsule — and most of the ille^timate 
unions were highly productive. The mid-styled form 
thus appears to bo highly feminine in nature ; and al- 
though, as just remarked, it is impossible to consider 
its two well-developed sets of stamens which produce 
an abundance of pollen as being in a rudimentary 
condition, yet we can hardly avoid connecting as 

H 2 
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balanced the higher efBcieucy of the female organs 
in this form with the lesser efficiency and lesser size 
of its two kinds of pollen-grains. The whole case 
appears to me a very curious one. 

It may* be observed in Tables 23 to 25 that some 
of the illegitimate unions yielded during neither year 
a single seed ; but, judging from the long-styled plants, 
it is probable, if such unions wore to be effected re- 
peatedly by the aid of insects under the most favour- 
able conditions, some few seeds would be produced in 
every case. Anyhow, it is certain that in all twelve 
illegitimate unions the pollen-tubes penetrated the 
stigma in the course of eighteen hours. At first I 
thought that two kinds of pollen placed together on 
the same stigma would perhaps yield more seed than 
one kind by itself ; but wo have seen that this is not 
so with each form’s own two kinds of pollen ; nor is it 
probable in any case, as I occasionally got, by the use 
of a single kind of pollen, fully as many seeds as a 
capsule naturally fertilised ever produces. Moreover 
the pollen from a single anther is far more than suffi- 
cient to fertilise fully a stigma ; hence, in this as with 
so many other plants, more than twelve times as much 
of each kind of pollen is produced as is necessary to 
ensure the full fertili«»ation of each form. From the 
dusted condition of the bodies of the bees which I 
caught on the fiowers, it is probable that pollen of 
various kinds is often deposited on all three stigmas ; 
but from the facts already given with respect to 
the two forms of Primula, there can hardly be a 
doubt that pollen from the stamens of corresponding 
length placed on a stigma would be prepotent over 
any other kind of pollen and obliterate its effects^ 
— even if the latter had been placed on the stigma 
some hours previously. 
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Finally, it has now been shown that Lythrum salicaria 
presents the extraordinary case of the same species 
bearing three females, different in structure and func- 
tion, and three or even five sets (if minor djfferences 
are considered) of m^es ; each set consisting of half- 
a-dozen, which likewise differ from one another in 
structui'c and function. 

Lythrum have examined numerous dried flowbrs 

of this species, each from a separate plant, sent me from Kew. 
Like L, salicaria, it is trimorphic, and the three forms appa- 
rently occur in about equal numbers. In the long-styled form 
the pistil projects about one-third of the length of the calyx 
beyond its mouth, and is therefore relatively much shorter than 
in L. salicaria ; the glol)ose and hirsute stigma is larger than 
that of the other two forms ; the six mid-length stamens, whicli 
are graduated in length, have their anthers standing close above 
and close beneath the mouth of the calyx; the six shortest 
stamens rise rather above the middle of the calyx. In the mid- 
styled form the stigma projects just above the mouth of the 
calyx, and stands almost on a level with the mid-length stamens 
of the long and short-styled forms; its own longest stamens 
project well above the mouth of the calyx, and stand a little 
above the level of the stigma of the long-styled form. In short, 
without entering on further details, there is a close general 
correspondence in structure between this species and L, salumria, 
but with some differences in the proportional lengths of the 
parts. The &ct of each of the three pistils having two sets of 
stamens of corresponding lengths, borne by the two other forms, 
comes out conspicuously. In the mid-styled form the poUeii- 
grains from the longest stamens are nearly double the diameter 
of those from the shortest stamens ; so that there is a greater 
difference in this respect than in L, salicaria. In the long- 
styled form, also, the difference in diameter between the pollen- 
grains of the mid-length and shortest stombns is greater than 
in L. salicaria. These comparisons, however, must be received 
with caution, as they were made on specimens soaked in water 
after having been long kept dry. 

Lythrum %/iit/bltd.— This form, according to Vaucher/ n 


* * Hist Phya des Plantes d'Eoiqpe,* tom. il. (1811), pp. 369, 371. 
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dimorphic^ like Priimila, and therefore presents only two forms. 
I received two dried flowers from Kew, which consisted of the 
tt 70 forms; in one the stigma projected far beyond the calyx, in 
the other it was included within the calyx ; in this latter form 
the style jvos only one-fourth of the length of that in the other 
form. There are only six stamens ; ^hese are somewhat gradu- 
ated in length, and their anthers in the short-styled form stand 
a little above the stigma, but yet by no means equal in length 
the pistil of the long-styled form. In the latter the stamens 
are rather shorter than those in the other fonn. The six 
stamens alternate with tlie petals, and therefore con-espond 
homologically with the longest stamens of L, salicaria and L, 
GrspfferL 

Ly thrum hy88opifolia.--TLhm species is said by Vaucher, but I 
lielieve erroneously, to Imj dimorphic. I have examined dried 
flowers from twenty-two separate plants from vai-ious localities, 
sent to me by Mr. Hewett (1 Watson, Professor Babington, and 
others. These were all essentially alike, so that the species 
cannot be heterostylod. The pistil varies somewhat in length, 
hut when unusually long, the stamens are likewise generally 
long; in the bud the stamens are short; and Vanclier was 
perhaps thus deceived. There are from six to nine stamens, 
graduated in length. Tlie three stamens, which vary in being 
either present or absent, correspond with the six shorter stamens 
of L. salicaria and with the six which are always alisent in L, 
ihymifolm. The stigma is included within the calyx, and stands 
ill the midst of the anthers, and would generally l)c fertilised 
by them ; Imt as the stigma and anthers are iiptnnicd, and as, 
according to Vaucher, there is a passage left in the upper side 
of the flower to the nectary, there can hardly Ix) a doubt that 
the flowers are visited by insects, and would oceasiona}ly be 
cross-fertilised by them, as surely as the flowers of the short- 
styled Z. mlicaria, the pistil of which and the corresi)onding 
stmens in the other two forms closely resemble those of L. hys- 
sopi/olia. According to Vaufeher and Lecoq,* this species, which 
is an annual, generally grows almost solitarily, whereas the 
three preceding species are social ; and this fact alone vronld 
almost have convinced me that X. hys»ipifolta was not heteio- 
stylcd, as such plants cannot habitually live isolated any better 
than one sex of a dioecious species. 


• ‘ G^ngreph. Bot. dc rEurope/ tom. vi. 1857, p. 157. 
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Wo thus seo that within this genus some s];)ecies are hetero- 
styled and trimorphic ; one apparently heterostylod and dimor- 
phic, and one homostyled. * 

Nesaa verficillata. — I raised a number of plants from seed 
sent me by Professor Asa Gray, and they presented three forms. 
These differed from one another in the proportional lengths of 
their organs of fructifi(fation and in all respects, in very nearly 
the some way as the three forms of Lythrum OrsRffen, The 
green pollen-grains from the longest stamens, measured along 
their longer axis and not distended with water, were of an 
inch in length; those from the mid-length stamens and 
those from the shortest shimens ^ of an inch. So that the 
largest pollen-grains are to the smallest in diameter as 100 to 
65. Tliis plant inhabits swampy ground in the United States. 
According to Fritz Muller,* a species of this genus in St. Catha- 
rina, in Soutlieru Brazil, is homostyled. 

Lufierstrixmia Indira, — Tliis plant, a mcmlxir of the Lythraceoe, 
may iicrliajis Ixj liolcrostylod, or may formerly have been so. It 
is rormirkable from the extreme variability of its stamens. On 
a plant, growing in my liothouse, the flowers included from 
nineteen to twenty-nine short stamens witli yellow pollen, 
whi(‘h corres][)ond in position with the shortest stamens of 
Lythrum ; and from one to five (the latter number being tlie 
commonest) very long stamens, with thick flesh-coloured fila- 
ments and green pollen, corresponding in xiosition with the 
longest stamens of Lythrum. In one flower, two of the long 
stamens i>i’oduccd green, while a third jn-oduced yellow pollen, 
although tlie filaments of all three were thick and flesh-coloured. 
In an antlier of another flow^er, one cell contained green and 
the other yellow pollen. The green and yellow x)ollen-graiii8 
from the stamens of different length are of the same size. 
The pistil is a little bowed upwards, with the stigma seated 
between the anthers of the .short and long stamens, so that 
this plant was mid-styled. Eight flowers wore fertilised with 
green pollen, and six with yellow'^ pollen, but not one set fruit. 
This latter fact by no means proves that the plant is hetero- ' 
styled, as it may belong to the class of self-sterile species. 
Another plant growing in the Botanic Gardens at Calcutta, as 
Mr. J. Scott informs me, was l^^mg-styled, and it was equally 


* ‘Dot. Zeitung/ 1868, p. 112. 
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Bterile with its own pollen; whilst a long-styled plant of 
X; . though growing by itself, produced &uit. I examined 

dr^ flowers from two plants of L, parviflora^ both of which 
were long-styled, and they diflered from X. Indica in having 
eight long stamens with tMck filaments, and a crowd of shorter 
stamens. *rhus the evidence whether X. Indica is hetero- 
styled is curiously conflicting : the unequal number of the short 
and long stamens, their extreme variability, and especially the 
fact of their pollen-grains not differing in size, are strongly 
opposed to this belief; on the other hand, the difference in 
length of the pistils in two of the plants, their sterility with 
their own pollen, and the difference in length and structure of 
the two sets of stamens in the same flower, and in the colour of 
their pollen, favour the belief. We know that when plants of 
any kind revert to a former condition, they are apt to be highly 
variable, and the two halves of the some organ sometimes differ 
much, as in the case of the above-described anther of the 
Lagerstroemia; wo may therefore suspect that this species was 
once heterostylod, and that it still retains traces of its former 
state, together with a tendency to revert more completely to it. 
It deserves notice, as bearing on the nature of Lagorstroemia, 
that in Lythrum hyt^topifolia, which is a homostyled species, some 
of the shorter stamens vary in being either present or absent ; 
and that ^hese same stamens are altc^ther absent in X. thymic 
folia. In another genus of the Lythraccss, namely Cuphea, three 
species raised by me from seed certainly were homostyled; 
nevertheless their stamens consisted of two sets, differing in 
length and in the colour and#thicknes8 of their filaments, but 
not in the size or colour of their pollen-grains; so that they 
thus far resembled the stamens of Lagerstroemia. I found that 
Cttphea purpurea was highly fertile with its own pollen when 
artificially aided, but sterile when insects were excluded.* 


* Mr. Spence infnmli me that 

in sevoral species of the geuiia 
Mollia (Tiliacem) which he ooF 
^ lected in South America, the 
stamens of tiie five outer cohorts 
have purplish filaments and grei n 
pf>llen, whilst ihe stamens of the 
five inner cohorts have yellow 
pollen. He therefore suspected 
that these siieoies might prove 
to be heterortyled and tnmor* 


{ »hio: but he did not notice the 
ength of the pistils. In the 
a11i<^ Luhea the outer purplish 
stamens are destitute of anthers. 
1 procured some speciinons of 
Upidioia and ipeoi**sa from. 
Kew, but could not nudee out that 
their pistils differed in length 
in diimreiit plmts; and in all 
thofio which I examined the 
stigma stood close beiieatli the 
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OXALIS (GEBAKIAOEiE). 

In 1863 Mr. Boland Trimen wrote to me from -the 
Cape of Good Hope that he had there found species of 
Oxalis which presented three forms; and of •these he 
enclosed drawings and dried specimens. Of one species 
he collected 43 flowers from distinct plants, and they 
consisted of 10 long-styled, 12 mid-styled, and 21 
short-styled. Of another species he collected 13 flowdrs, 
consisting of 3 long-styled, 7 mid-styled, and 3 short- 
styled. In 1866 Prof. Hildebrand proved* by an ex- 
amination of the specimens in several herbaria that 20 
species are certainly heterostyled and trimorphic, and 
51 others almost certainly so. He also made some in- 
teresting observations on living plants belonging to 
one form alone ; for at that time ho did not possess 
the three forms of any living species. During the 
years 1864 to 1868 I occasionally experimented on 
Omlis speeiosaf but until now have never found time 
to publish the results. In 1871 Hildebrand published 
an admirable paper f in which he shows in the case of 
two species of Oxalis, that the sexual relations of the 
three fonns are nearly the same as in Lythrum sali^ 
earia, I will now give an abstract of his observa- 
tions, and afterwards of my own less complete ones. 
I may premise that in all the species seen by me, the 
stigmas of the five straight pistils of the long-styled 
form stand on a level with the anthers of the longest 
stamens in the two other fo^s. In the mid-styled 

uj^rmost anthers. Thencmiemiis • ‘Monatsher. der Akad. der 

stamens are ffiaduMted in lengrth, Wiss. Berlin,* 1866, pp. 352, 372. 
and the poireu-gniiiis ftom the He gives dmwiiwof the three 
longest and shortest ones did not forms at p. 42 of his ^Gesohlechter- 
nieseut any marked difference in Yerthi-iluhg,* &o., 1867, 
diameter. Theiefbre these species t 'Bot. Zeitimg,* 1871, pp. 416 
do not appear to be heterostyled. and 432. 
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form, the stigmas pass out between the filaments of 
the longest stamens (as in the short-styled form of 
Linum); and they stand rather nearer to the upper 
anthers than to the lower ones. In the short-styled 

Fiff. 11. 



LiHig-styled. Mid Short->tyUHl. 

OXALIS SI'UCIOSA (^with the petals removed). 

S S S, stigmas. The dotted lines with arrows show which pollen must 
be carried to the stigmas tor legitimate fertiJiviitiou. 

• 

form, tlie stigmas also pass out between the filaments 
nearly on a level with the tips uf the st^pals. The 
anthers in this latter form and in the mid-styled rise 
to the same height as the corresponding stigmas in the 
other two founs. 

Oxalis Valdiviana , — This species, an inhabitant of 
the west coast ol South America, bears yellow flowers. 
Hildebrand states that the stigmas of the tliroe forms 
do not differ in any marked manner, but that the pistil 
of the short-styled form alone is destitute of hairs. 
The diameters of the pollen-grains are as follow^s : — 



i/trlsitons of the 
Micrometer. 

Fiom the longest stamens of shortnityled . . 

. . Sto9 

„ mid-length „ „ . , 

• 7 ,, 8 

n longest stamens of mid-styled . . 

. . 8 

„ shortest „ „ . , 

. . 6 

t, mid-length stamens of long-styled • 
it shortest „ „ . . 

. . 7 
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Therefore the extreme difference in diameter is as 8' 5 
to 6, or as 100 to 71. The results of Hildebrand’s ex- 
periments are given in the following table, drawn up 
in accordance with my usual plan. He fertilised each 
form with pollen from the two sets of antllbrs of the 
same flower, and likewise from flowers on distinct 
plants belonging to the same form; but the effects 
of these two closely allied kinds of fertilisation differ 
so little that I have not kept them distinct. 

Tablk 27. 


Oxalis Valdiviana {from 

HUd^'and). 

Nature «T Union. 

Number Number Number 

of of of 

Flov\ers Capsules Senla per 

; ferttll^ed j produced. Capsule. 

Long-^tylcd form, by pollen of longest 
stamens of sbort-styled. Legitimate 
iimon . . . . " 

28 11-9 

Long-styled form, by pollen of longest] 
.stamens of mid -styled. Legitimate 
union 1 

1 21 21 12'0 

Long-styled f(»rm. by pollen of own and! 
own-form mid-length stamens, lllcgtti-j 
mate union ) 

. 

: 40 5-5 

1 

Jjong-stylcd form, by pollen of own and 
own-form shortest stamens. Illegiti- 
mate union 

26 

Long-styled form, by pollen of shortest 
stamens of short-styled. Illegitimate 

16 

Long-styled form, by pollen of shortest 
stamens of mid-sty led. Illegitimate 




172 HETEROSTYLED TRIMORPHIO PLANTS. Chap. IV. 
Table ^--continued. 


Oxalis Valdiviana {from Hildehrandf), 


• Nature of Union. 

Number 

of 

Flowers 

(fertilised. 

Number 

of 

Capsules 

produced. 

Number 

of 

Seeds per 
Gapsute. 

Mid-styled form, by pollen of mid-length sta-l 
mens of long-styled, legitimate union . j 

38 1 

38 

11-3 

Mid-stylcd form, by pollen of mid-length) 
stamens of short - styled. Legitimated 
union ) 

23 

1 

1 

23 

10-4 

Mid-sty led form, by pollen of own and 
own-form longest stamens. Illegitimate 
union 

52 { 

1 

0 

0 

Mid-styled form, by pollen of own and) 
own-form shortest stamens. 11 legitimate \ 

30 i 

\ 

1 

6 

Mid-styled form, by pollen of shortc^^t 
stamens of long-styled. 11 legitimate 
union 

16 1 

A 

0 

0 

Mid-styled form, by pollen of longest sta-l 
mens of short-styled. Illegitimate union/ 

16 


2-5 

Short-styled form, by pollen of shortest sta-1 
mens of long-styled. Legitimate union . / 

1 

18 

.. 1 

1 

11-0 

Short-styled form, by pollen of shortest sta- 1 
mens of mid-sty led. Legitiii. ate union . / ^ 

10 


11-3 

Short-styled form, by pollen of own and | 
own-form longest stamens. Illegitimate 
union . 

21 



Short-styled form, by ]K>llen of own and 
own-form mid-length stamens. Illegiti- 
mate union 

22 



Short-styled form, by pollen of longest ata-l ' 
mens of mid-styled. Illegitimate union/i 




Short-styled form, by pollen of mid-length | j 
stamens of long -styled. Illegitimate > 
union * 

3 




3 
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We hare have the remarkable result that every one 
of 138 legitimately fertilised flowers on the three forms 
yielded capsules, containing on an average 11 • 33 seeds. 
Whilst of the 255 illegitimately fertilised flowers, only 
6 yielded capsnles, which contained 3 * 83 seecls on an 
average. Therefore tte fertility of the six legitimate 
to that of the twelve illegitimate imions, as judged 
by the proportion of flowers that yielded capsules, is 
as 100 to 2, and as judged by the average number of 
seeds per capsule as 100 to 34. It may be added that 
some plants w^hich were protected by nets did not 
sponttineously produce any fruit ; nor did one which 
was left uncovered by itself and was visited by bees. 
On the other hand, scarcely a single flower on some 
unc.over<Ml plants of the three forms growing near 
togetluT failed to produce fruit. 

Oxalia BegndlL — This species bears white flowers 
and inhabits Southern Brazil. Hildebrand says that 
the stigma of the long-styled form is somewhat larger 
than that of the mid-styled, and this than that of the 
short-styled. The pistil of the latter is clothed with a 
few hairs, whilst it is very hairy in the other two 
forms. The diameter of the pollen-grains from both 
sets of the longest stamens equals 9 divisions of the 
micrometer, — that from the mid-length stamens of the 
long-styled form between 8 and 9, and of the short- 
styled 8, — and that from the shortest stamens of both 
sets 7. So that the extreme difference in diameter is 
as 9 to 7 or as 100 to 78. The experiments made by 
Hildebrand, which arc not so numerous as in the last 
case, are given in Table 28 in the same manner as 
before. 

The results are nearly the same as in the last case, 
but more striking ; for 41 flowers belonging to the 
throe forms fertilised legitimately all yielded capsules. 
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Table 28. 


Oxalis Regmlli {from, Ilildehrand), 


Natore of Union. 

Numtier 

of 

Flowrrs 

fertilised 

f:.. 

Number 

of 

Gitpsnlc<i 
d ]irotluud. 

! Average 
Number of 

1 Seeds per 

1 Capsule. 

T.ong- 2 >tyle(] form, by pollen of longest sta> 
mens of short-styled. Legitimate union^ 

(! « 

! ^ 

I 10*1 

I.ong-styled form, by pollen of longest sta-" 
mens of mid-styluJ. Legitimate union j 

[ * 

! 5 

' 10-6 

Long-styled form, by pollen of own mid-) . 

length btamens. ‘illegitimate union . / 

■ 0 

0 

Long-styled form, by ])ollen of own short-] 
est sUinen. Illegitimate union. . .j 

* 

' 0 

, 0 

Mid-styled firm, by pollen of mid-length sta-I 
mens of short-styled. Legitim.ate union] 

i 

9 

! 

! 0 

10*4 

Mid-styled form, by pollen of mid-length sta-l 
mens of long-'.tyled. I-egitimate union, j 

» 10 

1 

: 10 

10-1 

blid-styled foim, by pollen of own longest! 
btamems. Illegitimate union • . „] 

‘ 0 

i 

0 

0 

Mid-styled form, by pollen of cw n shortcst'l ; 
stamens. Illegitimate union , , * 

0 

0 

Mid-styled form, by pollen of longest sta-I 
mens of short-.siyle>l. 11 legitimate union/ 

1 

0 

1 

1 

0 

Short-styled form, by pollen of shortest sta-^ 
mens of mid-styJed. Legitimate union . / 

u 

9 

10 --fl 

Short-styled form, by pollen of shortest sta-I 
mens of long-styled. Legitimate union . j 

i 

2 j 

1 2 

9‘5 

Short-styled form, by pollen of own mid-\ 
length stamens. Xjlegitimate union ./ 

12 

0 

0 

Short-styled form, by pollen of own long-^ 
est stamens. Illegitimate union . . / 

9 

0 

0 

Short-styled form, byjwilJen of mid-lengrh 1 
stamens of long-styled. Illegitimate 
union .... 1 

1 

0 

0 
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containing on an average 10*31 seeds; whilst 39 
flowers fertilised illegitimately did not yield a single 
capsule or seed. Therefore the fertility of the six 
legitimate to that of the several illegitimate unions, 
as judged both by the proportion of floweHs which 
yielded capsules and •by the average number of con- 
tained seeds, is as 100 to 0. 

Oxalis speciosa , — This species, which bears pink 
flow'ers, was introduced from the Cape of Good Hope. 
A sketch of the reproductive organs of the three 
forms (Fig. 11) has already been given. The stigma 
of the iong-stylcd form (with the papillm on its sur- 
face included) is twice as large as that of the short- 
styled, aiid that of the mid-stylcd intermediate in size. 
The pollen-grains from the stamens in the three forms 
are in their longer diameters as follows : — 

i)l\ isions of the 
Mterumeter. 

. 15 to 16 

. 12 „ 13 

16 

. 11 to 12 

14 
12 

Therefore the extreme difleronce in diameter is as 
16 to 11, or as 100 to 69 ; but as the measurements 
were taken at different times, they are probably only 
approximately accurate. The results of my exjicriinents 
in fertilising the three forms are given in the following 
table.- 


From the longeiit Ktamons of ghort-styled. 

„ mid-length „ „ 

„ longest btumens of mid-styled . 

,, shui tost fj „ 

„ mid-length stamens of long-styled 

„ shortest „ „ 
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Tablb 29. 

Oxalis spedosa. 


c Nature of Union. 

1 

Number 

of 

Flowers I 
fertilised. 

Number 

of 

Cappulea 

produced. 

Average 
Number of 
Seeds per 
Gapeuie. 

Long-styled form, by polleb of longest! 
btameas of short - styled. Legitimate) 

19 

i 

1 

67-4 

Long-styled form, by pollen of longest 
stamens of mid -styled. Legitimate 
union 

4 

i 

3 

59-0 

Long-styled form, by pollen of own-form V 
mid-length stamens. Illegitimate union/ 

9 1 2 

42-5 

Long-styled form, by pollen of own-form) 
shortest stamens. Illegitimate union ./ 

11 0 

0 

Long-styled form, by pollen of shortest! 
stameus of mid-bi\led. Illegitimate >| 

4 0 

0 

Ia>ng-atyled form, by pollen of mid-length * 
stamens of short-styled. lllcgitinHitc 
union 

12 5 i 

' 1 
1 

30*0 


Mid-styled form, by pollen of mid-length j 
stamens of long -styled. Legitiinatbj 
union . . . j 

1 

|i 

i " 

1 

63-6 

i 

Mid-stylcd form, by pollen of mid-lengthi 
stamens of short - styled. Legitimate! 
union ) 

Mid-styled form, by mixed pollen from! 
both ownrfoim jongest and shortest! 
stamens. Illegitimate union . . . | 

1 

i 1 

4 1 4 

' ! 

1 

56*3 

1 

0 1 2 

1 

19 

Mid-styled form, by |iollen of longest 
stamens of short-styled. Illegitimate 
union 

12 

1 

1 

8 
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Tablb 29 — continued. 


Oxalis speciosa. 


Nature of Union. 

• 

Number 

of 

Flowers 

fertilised. 

Number 

0^ 

Capsules 

produced. 

Average 
Number of 
Seeds per 
GapsuV. 

Short-styled form, by pollen of eihortest 
stamens of mid - styled. Legitimate 
union . . 1 . 

3 

2 

G7 

Short-styled form, by pollen of shortcstJ 
stamens of long -styled. Legitimate) 
union | 

{ 

i ^ 

3 

54*3 

Short-styled form, by pollen of own-form^ 
longest stamens. Illegitimate union . / 

5 

1 

8 

Short-styijd form, by pollen of own-form^ 
mill-length stamens, illegitimate union/ 

3 

1 

0 

0 

Short-styled form, by both pollens mixed j 
togethei, of owu-furiii longest and mid-> 
length stamens. Illegitimate union , ) 

13 

0 

0 

Short-styled form, by pollen of longest! 
stamens of mid -styled, lllegitiinatei 
union ) 

7 

i 

0 

0 

Short-.'»tyled form, by pollen of mid-length 1 1 
stamens of long - styled. Illegitimate >| 
uuion jj 

10 

! 

1 

64 


Wo here see tliat thirty-six flowers on the three 
forms legitimately fertilised yielded 30 capsules^ these 
containing on an average 58*36 seeds. Ninety-five 
flotvers illegitimately fertilised yielded 12 capsules, 
containing on an average 28*58 seeds. Therefore the 
fertility of the six legitimate to that of the twelve ^ 
illegitimate unions, as judged by the proportion of 
flowers which yielded capsules, is as 100 to 15, and 
judged by the average number of seeds per capsule as 
100 to 49. This plant, in comparison with the two 
South American species previously described, produces 
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many more seeds, and the illegitimately fertilised 
flowers are not quite so sterile. 

Oxcdis rosea , — Hildebrand j^ossessed in a living state 
only the long-styled form of this trimorphic Chilian 
species,* 'The pollen-grains from the two sets of 
anthers differ in diameter as 9 to 7*5, or as 100 to 83. 
He has further sliown that there is an analogous 
difference between the grains from the two sets of 
anthers of the same flow(3r in five other species of Oxalis, 
bcvsides those already described. The present species 
differs remarkably from the long-styled form of the 
three species previously experimented on, in a much 
larger proportion of the flowers setting capsules when 
fertilised witli their own-form pollen. Hildebrand fer- 
tilised 60 flowers with pollen from the mid-length 
stamens (of either tlio same or another flower), aiul 
they yiobled no less than 55 capsules, or 92 per Cf3nt. 
Those capsules contained on an average 5*62 seeds; 
but w'c have no means of judging how’ near an approach 
this average makes to that from flovers legitimately 
fertilised. He also fertilised 45 flowers with ]>oilen 
from the shortest stamens, and these yielded only 17 
capsules, or 31 per cent., containing on an avciagti 
only 2*65 seeds. We thus see that about tlirice as 
many flowers, when fertilised with pollen from the 
mid-length stamens, produced (capsules, and these 
contained twice as many seeds, as did tlie flowers 
fertilised with pollen from the shortest stamens. 
It thus appears (and we find some evidence of 
the same fact with 0. speeiosa)^ that the same nile 
holds good with Oxalis as with Lythrum saliearia; 
namely, tliat in any two unions, the greater the in- 
equality in length between the pistils and stamens, or, 


* * Honutsber. dor Akod. der Wibs. Borliti,' 1666, p. 872. 
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which is the same thing, the greater the distance of 
the stigma from the anthers, the pollen of which is 
used for fertilisation, the less fertile is the union, — 
whether judged by the proportion of flowers which 
set cft-psules, or by the average number of seeds per 
capsule. The rule cannot be explained in this case 
any more than in that of Lythnim, by supposing 
that wherever there is greater liability to self-fertilisa- 
tion, this is checked by the union being rendered mefre 
sterile ; for exactly the reverse occurs, the liability to 
self-fertilisation being greatest in the unions between 
the pistils and stamens which approach t‘ach other the 
nearest, and these are the more fertile. *I may add 
that I also possessed some long-styled plants of this 
species : one was covered by a net, and it set sponta- 
neously a few capsules, though extremely few com- 
pare<l with those produced by a plant groAviiig by 
itself, but exposed to the visits of bees. 

With most of the species of Oxalis the short-styled 
form seems to be the most sterile of the three forms, 
when those are illegitimately fertilised ; and I will add 
tw(j other eases to those already given. I fertilised 
29 short-styhid flowers of 0. compressa with pollen from 
tlieir own two sets of shimens (the pollen-grains of 
which differ in diameter as 100 and 83), and not one 
produced a capsule. I formerly cultivated during 
several years the short-styled form of a species pur- 
chased under the name of (9. Botvii (but I have some 
doubts whether it was rightly named), and fertilised 
many flowers with tlieir own two Jcinds of pollen, 
which differ in diameter in the usual manner, but 
never got a single seed. On the other hand, Hilde- 
brand says that the short-styled form of 0. Deppei, 
growing by itself, yields plenty of seed ; but it is not 
positively known that this species is heterostyled ; and 

N 2 
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the pollen-grains from the two sets of anthers do not 
differ in diameter. 

Some facts communicated to me by Fritz Muller 
afford excellent evidence of the utter sterility of one 
of the forlhs of certain trimorphic species of Oxalis, 
when growing isolated. He has sfeen in St. Catharina, 
in Brazil, a large field of young sugar-cane, many 
acres in extent, covered with the red blossoms of one 
form alone, and tliese did not produce a single seed. 
His own land is covered with the short-styled form of 
a white-flowered trimorphic species, and this is equally 
sterile ; but when the three forms were planted near 
together in his garden they seeded freely. With two 
other trimorphic species he finds that isolated plants 
are always sterile. 

Fritz Muller formerly believed that a species of 
Oxalis, which is so abundant in St. Catharina that it 
borders the roads for miles, was dimorj»hic instead of 
trimorphic. Although the pistils and stamens vary 
greatly in length, as was evident in some specimens 
sent to mo, yet the plants can 'be divided into two 
sets, according to the lengths of these organs. A 
large proportion of the anthers are of a white colour 
and quite destitute of pollen ; others which are pale 
yellow contain many bad with some good grains ; and 
others again which are bright yellow liave apparently 
sound pollen ; but he has never sue(;eoded in finding 
any fruit on this species. The stamens in some of 
the flowern are partially converted into petals. Fritz 
Muller after reading my description, hereafter to be 
given, of the illegitimate offspring of various hetcro- 
styled species, suspects that these plants of Oxalis 
may be the variable and sterile offspring of a single 
form of some trimorphic species, perhaps accidentally 
introduced into the district, which has since been 
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propagated asexually. It is probable that this kind 
of propagation would be much aided by there being 
no expenditure in the production of seed. 

Oxalis {Biophytum) sensitiva, — This plant is ranked 
by many botanists a distinct genus. Mr. Thwaites 
sent me a number of flowers preserved in spirits from 
Ceylon, and they are clearly trimorphic. The style 
of tlie long-styled form is clothed with many scattered 
hairs, both simple and glandular ; such hairs are much 
fewer on •the style of the mid-stylcd, and quite ab- 
sent from that of the short-styled form ; so that this 
plant resembles in this respect 0, Vdldiviana and 
RegndlL Calling the length of the two lobes of 
the stigma of the long-styled form 100, that of 
the mid-sty]ed is 141, and that of the short-styled 
164. In all other cases, in which the stigma in this 
genus differs in size in the three forms, the differ- 
ence is of a reversed nature, the stigma of the long- 
styled being the largest, and that of the short-styled 
the smallest. The diameter of the pollen-grains from 
the longest stamens being represented by 100, those 
from the mid-length stamens are 91, and those from 
the shortest stamens 84 in diameter. This plant is 
remarkable, as wo shall see ip the last chapter of 
this volume, by producing long-styled, mid-styled, 
and short-styled cleistogamic flowers. 

Homostyled Species of Oxalic. — Although the majority 
of the species in the large genus Oxalis seem to be 
trimorphic, some are homostyled, tl^t is, exist under ^ 
a single form ; for instance the common 0. auseUh 
seUdy and according to Hildebrand two other widely 
distributed European species, 0. stricta and cprniculata^ 
Fritz Muller also informs me that a similarly consti- 
tuted species is found in St. Catharina, and that it is 
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^uite fertile with its own pollen when insects are ex- 
cluded. The stigmas of 0. stricta and of another homo- 
styled species, viz. 0. tropmUicleB, commonly stand on 
a level with the upper anthers, and both these species 
are likewise cpiitc fertile when insects are excluded. 

With respect to 0. acetosella, Hildebrand says that in 
all the many specimens examined by him the pistil 
exceeded the longer stamens in length. I procured 
108 flowers from the same number of plants growing in 
three distant parts of England ; of those 86 had their 
stigmas projecting considerably above, whilst 22 had 
them nearly on a level with the upper anthers. In 
one lot of 17 flowers from the same wood, the stigmas in 
every flow^er projected fully as much above the upper 
anthers as thtjsc stood above the lower anthers. So 
that these plants might fiiirly be compared with the 
long-styled form of a heterostylcd species ; and I at 
first thought that 0. acetosella was trimorphic. But 
the case is one merely of great variability. The 
pollen-grains from the two sets of anthers, as observed 
by Hildebrand and myself, do not differ in diameter. 
I fertilised twelve flowers on several plants with pol- 
len irom a distinct choosing those with pistils 

of a different length ; and 10 of these (i.e. 83 per cent.) 
produced capsules, whndi contained on an average 7*9 
seeds. Fourteen fiow'ers were fertilised with their own 
pollen, and 11 of tliese (i.e. 79 per cent.) yielded ca^ 
sulcs, containing a larger average of seed, namely 9’2. 
These plants, therefore, in function show not tho 
least sign of being heterostylcd. I may add that 18 
flow'ers protected by a net were left to fertilise them- 
selves, and only 10 of these (i.e. 55 per cent.) yielded 
capsules, which contained on an average only 6‘3 seeds. 
So that the access of insects, or artificial aid in placing 
pollen on the stigma, increases the fertility of the 
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flowers; and I found that this applied especially to 
those having shorter pistils. It should he remem- 
bered that the flowers hang downwards, so that those 
with short pistils would be the least likely to receive 
their own pollen, unless they were aided in some 
manner. 

Finally, as Hildebrand has remarked, there is no 
evidence that any of the heterostyled species of Oxalis 
are tending towards a dioecious condition, as Zuccarim 
and Lindley inferred from the differences in the re- 
productive organs of the three forms, the meaning of 
which they did not understand. 

PONTEUBRIA [SP. ?] (PONTEDERIACEiE.) 

Fritz JIuller found this aquatic plant, which is al- 
lied to the Liliaceje, growing in the greatest profusion 
on the banks of a river in Southern Brazil.* But only 
two forms were found, the flowers of Avhich inclu<le 
three long and three short stamens. The pistil of the 
long-styled form, in two dried flowers which were sent 
me, was in length as 100 to 82, and its stigma as 100 
to 80, compared with the same organs in the short- 
styled form. The long-styled stigma projects conside- 
rably above the upper anthers of the same flower, and 
stands on a level with the upper on<is of the short-styled 
form. In the latter the stigma is seated beneath both its 
own sets of anthers, and is on a level with the anthers 
of the shorter stamens in the long-styled form. The 
anthers of the longer stamens of the^short-styled form , 
are to those of the shorter stamens of the long-styled 
form as 100 to 88 in length. The pollen-grains distended 

* ** Ueber den Trimorphismiu Zeitsohrift/ Ac., Band 6, 1871, 

der Pontederien'*; ‘JenaisoUe p. 7i. 
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with water from the longer stamens of the short-styled 
•form are tQi?those from the 'shorter shimens of the same 
form as 100 to 87 in du^eter, as dodneed from ten 
measurements of each kind. Wc thus see that the 
organs in* these two forms differ from one another 
and are arranged in an analogous manner, as in the 
long and short-styled forms of the trimorphic species 
of Lythnim and Oxalis. Moreover, the longer stamens 
of the long-styled form of Pontederia, and the shorter 
ones of the short-styled form are placed iii proi)er 
position for fertilising the stigma of a mid-styled form. 
But Fritz Muller, altliough ho examined a viu nuinlxir 
of plants, could never find one belongijig to ihe mid * 
styled form. Tho older flowers of the long-styled 
and short-styled plants had . plenty of apparci. / 
good fruit; and tliis might ha e Ixioii expected, as 
they could legitimately fertilise one another. Al- 
though he could not ^ he mid-stylcd form of 
this species, ho possessefl plant., of another species 
growing in his garden, and all these were mid-sty led ; 
and in this case the pollen-grains from the anthers ot* 
the longer stamens were to those fr<un the shorter sta- 
mens of the same flower ns 100 to 86 in diameter, as 
deduced from Uai measurements of each kind. These 
mid-stylcd plants growing by themselves never pro- 
duced a single fruit. 

Considering these several faoti^ there can hardly he 
a doubt that both these species of Pontederia aro 
hctcrostyled and trimorphic. This case is an interest- 
ing one, for no otl^er Monocotyledox^ous plant is known 
to be heterostyled. Moreover, the aife irregular, 

and all other heterostyled plants hurW allhost sym- 
metrical flowers. The two form^d^ji^ Somewhat in 
the colour of their corollas, that of thp^short-styled 
being of a darker blue, whilst that of long^tyled 
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tends towards violet, and no other such case is known. 
Lastlj, the three longer stamens altemato* wi^^r the 
three shorter ones, whereas in Ly thrum and Oxalis 
the long and short stamens belong to distinct whorls. 
With respect to the absence of the mid-styled form in 
the case of the Pontederia which grows wild in Southern 
Brazil, this would probably follow if only two forms 
had boon originally introduced there ; for, as we shall 
hereul'ter see from the observations of Hildebrand,* 
Fritz Muller and ii-yself, when one form of Oxalis is 
fertilise^! exclusively by either of the other two forms, 
the ofi&^rir" generaUy belong to the two parent- 
forns. 

Fritz Muller has recently discovered, as he informs 
•ue, a 1. ird s])ecies of Pontedo ia, with all three forms 
.eg together in pools in the interior of S. Brazil ; 
so that no shadow of doubt ci. any longer remain 
about this genus including trimorphic species. He 
sent mo dried flowers of all throe forms. In the long- 
styled form tlio stigma stands a little above the tips of 
the }>etals, and on a level with the anthers of the 
longest stamens in the other two forms. The pistil is 
in length to that of the mid-styled as 100 to 56, and 
to that of tho short-styled as 100 to 16. Its summit is 
rectangularly bent upwards, and the stigma is rather 
broader than that of the mid-styled, and broader in 
about the ratio of 7 to 4 'than that of the short-styled. 
In the mid-styled form, the stigma is placed mther 
above the middle of the corolla, and nearly on a level 
with the mid-length stamens in the" other two forms; 
its summit ill a little bent upwards. In the short- 
styled fonn' 11x6: piitil is, as we have seen, very short, 
and differs the other two forms in being 

straight. It stands, rather beneath the level of the 
anthers of the shortest stamens in the long-styled and 
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mi(l-styled forms. The three anthers ‘of each set of 
stamens, more especially those of the shortest stamens, 
are placed one beneath the other, and the ends of the 
filaments are bowed a little upwards, so that the pollen 
from all *the anthers would bo effectively brushed off 
by the proboscis of a visiting insect. The relative 
diameters of tJie pollen-grains, after having been long 
soaked in water, are given in the following list, as 
measured by my son Francis. 


Long-styled from the mid-length stamens . 

DlviMone of the 
Micrometer. 

(Average of 20 measurements.) 

,, jy from the shortest stamens . 

. 9-0 

(10 measurements.) 
Mid-stylcd form, from the longest stamens . 

. 16-4 

(15 measurements.) 

„ f, from the shortest st.imens . 

. 9-1 

(20 measurements.) 
Short-styled form, from the longest stamens . 

. 14*6 ^ 

(20 measurements.) 

„ „ from the mid-length stamens . 

. 12-:i 


(20 ineabureinuiit.s.) 

We have here the usual rule of the grains from tlie 
longer stamens, the tubes of niiich have to penetrate 
the longer pistil, being larger than those from the 
stamens of less lengtli. The extreme difference in 
diameter between the grains from tlie longest stamens 
of the mid-sty] ed form, and from the shortest stamens 
of the long-styled, is as 16 *4 to 9*0, or as 100 to 55 ; 
and this is the greatest difference observed by me in 
any heterostyled plant. It is a singular fact that the 
grains from the eorresponding longest stamens in the 
two forms differ considerably in diameter ; as do those 
in a lesser degree from the corresponding mid-length 
stamens in the two forms ; whilst those from the cor- 
responding shortest stamens in the long- and mid- 
styled fonns are almost exactly equal. Their in- 
equality in the two first cases depends on the grains 
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in both sets of anthers in the short-styled form being 
smaller than those from the corresponding anthers in 
the other two forms ; and hero we have a case parallel 
with that of the mid-styled form of Lythrvm t^icaria. 
In this latter plant tho^ pollen-grains of the mid-styled 
forms are of smaller size and have less fertilising power 
than the corresponding ones in the other two forms ; 
whilst the ovarium, however fertilised, yields a greater 
number of seeds ; so that the mid-styled form is alto- 
gether more feminine in nature than the other two 
forms. .In the case of Pontederia, the ovarium in- 
cludes only a single ovule, and what the meaning of 
the difference in size between the pollen-grains from 
the corresponding sets of anthers may be, I will not 
pretend to conjecture. 

The clear evidence that the species just described is 
h^rostyled and trimorphio is the more valuable as 
there is some doubt with respect to P. eordata, an in- 
habitant of the United States. Mr. Leggett suspects* 
that it is either dimorphic or trimorphic, for the 
pollen-grains of the longer stamens are “more than 
twice the diameter or than eight times the mass of 
the grains of the shorter stamens. Though minute, 
these smaller grains seem as perfect as the larger 
ones,” On the other hand, he says that in all the 
mature flowers, "the style was as long at least as 
the longer stamens;” “whilst in the young flowers 
it was intermediate in length between the two sets of 
stamens';” and if this be so, the specie can hardly be 
heterostyled. ^ . 


* 'Bull, of tbe Toney Botanical Club,’ 187fi^ vol. pi, p. €2. 
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CHAPTER V. 

r 

Illroitimate Offsprikq of Hetebostyled Plants. 

Illegitimate offspring from all three forms of Lythrum salicario — Their 
dwarfed stature and sterility, some utterly barren, some fertile — 
Oxalis, transmission of form to the legitimate and illegitimate 
seedlings — ^Primula Sinensis, illegitimate of&pring in some degree 
dwarfed and infertile— Equal-styled varieties of P. Sinensis, auri* 
cula, farinosa, and clatior — P. vulgaris, red-flowered variety, illegi- 
timate seedlings sterile— P. veris, illegitimate plants raised during 
several successive generations, their dwarfed stature and sterility — 
Equal-styled varieties of P. veris — Transmission of form by Pul- 
monaria and Polygonum — Concluding remarks— Close parallelism 
between illegitimate fertilisation and liybridiism. 

We have hitherto treated of the fertility of the flowers 
of heterostyled plants, when legitimately and illegiti- 
mately fertilised. The present chapter will be devoted 
to the character of their oflspring or seedlings. Those 
raised from legitimately fertilised seeds will be here 
called legitimate seedlings or plants^ and those from 
illegitimately fertilise<l seeds, illegitimate seedlings or 
j^nts. They differ chiefly in their degree of fertility, 
and in their powers of growth or vigour. I will begin 
with trimorphic plants, and Z must remind the reader 
that each of the three forms can bo fertilised in six 
different ways ; so that all three together can be ferti- 
lised in eighteen different ways. For instance, a 
long-styled fortp can be fertilised legitimately by tho 
longest stamens of the mid-styled and short-styled 
forms, and illegitimately by its own^form mid-length 
and shortest stamens, also by the mid-length stamens 
of the mid-styled and by the shortest stamens of the 
short-styled form ; so that the long-styled can be ferti- 
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Used legitimately in two ways and illegitimately in 
four ways. The same holds good with respect to the 
mid-styled and short-styled forms. Therefore with 
trimorphic species six of the eighteen unions yield 
legitimate offspring, and twelve yield illegitimate 
offspring. 

I will give the results of my experiments in detail, 
l>artly because the observations are extremely trouble- 
some, and will not probably soon be repeated — ^thus, I 
was compelled to count under the microscope above 
20,000 seeds of Lythrum aalicaria — ^but chiefly because 
light is ’thus indirectly thrown on the important sub- 
ject of hybridism. 

Lythrum salicaria. 

Of the twelve illegitimate unions two were com- 
pletely barren, so that no seeds were obtained, and of 
course no seedlings could be raised. SeedUngs were, 
however raised from seven of the ten remaining il- 
legitimate unions. Such iUegitimate seedlings when 
in flower were generaUy allowed to be freely and 
legitimately fertilised, through the agency of bees, by 
other illegitimate plants belonging to the two other 
forms growing close by. This is the fairest plan, and 
was usually foUowed; but in several cases (which 
will always bo stated) illegitimate plants were ferti- 
lised with pollen token from legitimate plants be- 
longing. to the other two forms ; and this, as might 
have been expected, increased their fertility. Lythrum 
aaliearia is much affected in its fertility- by the nature 
of the season ; and to avoid error from this source, 
as far as possible, my observations were continued 
daring several years. Some few experiments were 
tried in 1863. The summer of 1864 was too hot and 
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dry, and, though the plants were copiously watered, 
some few apparently suffered in their fertility, whilst 
others were not in the least affected. The years 
1865 and, especially, 1866, were highly favourable. 
Only an few observations were made during 1867. 
The results are arranged in classes according to the 
parentage of the plants. In each case the average 
number of seeds per capsule is given, generally taken 
from ten capsules, which, according to my experience, 
is a nearly sufficient number. The maximum num- 
ber of seeds in any one capsule is also given ; and 
this is a useful point of comparison with the nor- 
mal standard — that is, with the number of seeds 
produced by legitimate plants legitimately ferti- 
lised. 1 will give likewise in each case the minimum 
number. When the maximum and minimum differ 
greatly, if no remark is made on the subject, it may 
be understood that the extremes are so closely con- 
nected by intermediate figures that the average is a 
fair one. Large capsules were always selected for 
counting, in order to avoid over-estimating the infer- 
tility of the several illegitimate plants. 

In order to judge of the degree of inferiority in 
fertility of the several illegitimate plants, the follow- 
ing statement of the average and of the maximum 
numl>er of seeds produced by ordinary or legitimate 
plants, when legitimately fertilised, some artificially 
and some naturally, will serve as a standard of com- 
parison, and may in each case be referred to. But 1 
give under each experiment the percentage of seeds 
produced by the illegitimate plants, in comparison 
with the standard legitimate number of the same 
form. For instance, ten capsules from the illegitimate 
long-styled plant (No. 10), which was legitimately 
and naturally fertilised by other illegitimate plants, 
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contained on an average 44*2 seeds; whereas the 
capsules on legitimate long-styled plants, legitimately 
and naturally fertilised by other legitimate plants, 
contained on an average 93 seeds. Therefore this 
illegitimate plant yielded only 47 per ceni of the 
full and normal complement of seeds. 


Standard Nimber of Seeds produced "by LegiUmate Plants 
of the three Forms, when hgitimaiely fertilised. 

Long-styled form : average number of seeds in each 
capsule, 93 ; maximum number observed out of twcnty- 
three capsules, 159. 

Mid-sty led form: average number of seeds, 130; 
maximum number observed out of thirty-one capsules, 
151. 

Short-styled form : average number of seeds, 83*5 ; 
but we may, for the sake of brevity, say 83 ; maximum 
number observed out of twenty-five capsules, 112. 


Classes I. and II. JJlegUimate Plants raised from 
Long-styled Parents fertilised with pollen from the 
middength or the shortest stamens of other ]^anU of 
the saine form. 

From this union I raised at different times three 
lots of illegitimate' seedlings, amounting altogether to 
56 plants. I must premise that, firom not foreseeing 
the result, I did not keep a memorandum whether the 
eight plants of the first lot were the product of the 
mid-length or shortest stamens of the same form ; but 
I have good reason to believe that they were the pro- 
duct of the latter. These eight plants were much more 
dwarfed, and much more sterile than those in the other 
two lots. The latter were raised &om a long-styled 
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plaat growing quite isolated, and fertilised by the 
agency of bees with its own pollen ; and*it is almost 
oertaip, from the relatire position of the organs of 
fructification, that the stigma under these circum- 
stances BTOuld receiTC pollen frum the mid-length 
stamens. ** 

All the fifty-six plants in these three lots proved long- 
styled ; now, if the parent-plants had been legitimately 
fertilised by pollen from the longest stamens of the 
mid-styled and short-styled forms, only about one- 
third of the seedlings would have been long-styled, 
the other two-thirds being mid-styled and sliort-styled. 
In some other trimorphio and dimorphic genera we 
shall find the same curious fact, namely, that the long- 
styled form, fertilised illegitimately by its own-form 
pollen, produces almost exclusively long-styled seed- 
lings.* 

The eight plants of the first lot were of low stature : 
three which I measured attained, when fully grown, the 
heights of only 28, 29, and 47 inches ; whilst legitimate 
plants growing close by were double this height, one 
being 77 inches. They all betrayed in their general 
appearance a weak constitution ; they flowered rather 
later in the season, and at a later age than ordinary 
plants. Some did not flower every year ; and one plant, 
behaving in an unprecedented manner, did not flower 
until three years old. In the two other lets none of ^ 
the plants grew quite to their full and proper height, 
as could at once be seen by comparing them with the 
adjoining rows etf legitimate plat^ In several plants 
in all three lots, many of the anthers mere either ' 
dirivelled or contained brown and tough, or pulpy 

j 

* HUdcfanndBnt esUed atten- of PfAnuIiitHiiwMlt; bat Uste* 

tfatt OBot ZeitoBg,’ Jan. 1, 1864, aolti wen not nearw n vnirotm 
tpi.6)tottiw&etia4]Mean aamliie, . 
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matter, without any good pollen-grains, and they never 
shed their contents ; they wore in the state designated 
by Gartner* os coutabescent, which term I will for the 
future use. In one flower all the anthers wore conta- 
bescent excepting two which appeared to the naked 
eye sound ; but undeV the microscope about two-thirds 
of the pollen-grains wflre seen to be small and shrivelled. 
In another plant, in uhich all the anthers appeared 
sound, many of the pollen-giains were shrivelled and 
ot unequal sizes. I counted the seeds produced b)* 
seven plants (1 to 7) in the first lot of eight plants, 
piobably the product of parents lertilised by their 
onn-toim shortest stamens, and the seeds produced by 
three pla-^ts in the other ti^o lots, almost certainly the 
jnodiw't ol paients lertilised by their oun-form mid- 
Jongth stimens. 

It 

Plant 1 This long-styled plant was allowed during 1863 to 
be freely and legitiiuatcly fertilised b> an adjoimng illogitimaie 
mid-stylod plant, but it did not yield a single sced-capsule It 
was then removed and planted in a remote place close to a 
biothcr lont^-stylod plant No 2, so that it must have been freely 
though illegitiiiiatoly feitilibcd, under those ciicumstances it 
did not yield duiing 1864 and 1865 a single capsule 1 should 
liore state that a legitunate oi oidinary long-styled i)Iant, when 
growing isolated, and freely though illet^itiinately fertilised by 
insects with its oun jKillen, yielded an imniciiso numbei of 
capsules, which contained on an aveiage 21 5 seeds 

Plan* 2 Tlus long-styled plant, after flowering durmg 1863 
close to on illegitunate mid-styled plant, pioduced less than 
twenty capsules, which contained on an average between four 
and five s^s When subsequently giowipg in company with 
No 1, by which it will have been illegitimately fertilised, it 
yield^ in 1866 not a single capsule, but*m 1865 it yid^ ' 
tuenty-two capsules; the beat of these, fifteen m number, wem 
examined, eight cemtamed no seed^and the remaining seven 
contained on an avoi^ only three seeds, and these se^ were 

* * Bcitzage znr Kenntmss dcr Belhichtung/ 1844, 

0 
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80 small and shrivellod that I doubt whether they would have 
germinated, 

Planfs 3 anri 4. These two long-styled plants, after being 
freely and legitimately fertilised during 1863 by the same ille- 
gitimate mid-styled plant as in the last case, were as miserably 
sterile as Nb. 2. 

5. This long-styled plant, aftdt flowering in 1863 close 
to an illegitimate mid-styled plant, yielded only four capsules, 
wliich altogether included only five seeds. During 1861, 1865, 
and 18G6, it was surrounded either by illegitimate or legitimate 
plants of the other two forms ; but it did not yield a single 
capsule. Jt was a su])erfluou8 experiment, but I likewise arti- 
ficially fertilised in a legitimate manner twelve flowers ; but not 
one of these produced a capsule; so tliat this plant wad almost 
alisolutcly Iwrren. 

P/anf 6. This long-styled plant, after flowering during the 
favourable year of 1806, surrouiidod by illegitimate i>lants of 
the other two forms, did not produce a single capsule. 

r/ant 7. This long-styled plant was the most fertile of the 
eight plants of the first lot. During 1865 it was surrounded by 
illegitimate plants of various parentage, many of which were 
highly fertile, and must thus have been le^timately fertilised. 
It produced a good many capsules, ten of which yielded an 
average of 36*1 seeds, with a maximum of 47 and a minimum 
of 22; so that this plant produced 39 per cent, of the full 
number of seeds. During 1864 it was surrounded by legitimate 
and illegitimate plants i>f the other two forms; and nine 
capsules (one |)oop one lieing rejected) yielded an average of 
41*9 seeds, with a maximiun of 56 and a minimum of 28; so 
that, under these favourabli circumstances, this plant, tlie most 
fertile of the first lot, did not yield, when legitimately fertilised, 
quite 45 per cent, of the full complement of seeds. 

In the second lot of plants in the present class, 
descended from the long-styled form, alinost certainly 
fertilised with pollen from its own mid-length stamens, 
the plants, as already stated, were not nearly so dwarfed 
or BO sterile os in the first lot. All produced plenty 
of capsules. I counted the number of seeds in only 
three plants, viz. Nos. 8, 9, and 10. 
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Fhmt 8. Tins plant "was allowed to bo freely fertilised in 1864 
by legitimate and illegitimato plants of the other two forms, 
and ton capsules yielded on an average 41*1 seeds, with a 
maximum of 73 and a minimum of 11. Hence this plant pro- 
duced only 44 per cent, of the full complement of seeds. 

l^hmt 9. This long-styled plant was allowed in^ 1865 to bo 
freely fertilised by illegitimate plants of the otlior two forms, 
most of which were moderately fertile. Fifteen capsules yielded 
on an average 57* 1 seeds, with a maximum of 86 and a minimum 
of 23. Hence the plant yielded 61 per cent, of the full comple- 
ment of seeds. * 

jp/an^ 10. This long^styled plant was freely fertilised at the 
same time and in the same manner as the last. Ten capsules 
yielded an average of 44*2 seeds, with a maximum of 69 and a 
minimum of 25; hence this plant yielded 47 per cent, of the 
full complement of seeds. 

The nineteen long-styled plants of the third lot, of 
the same parentage as the last lot, were treated dif- 
ferently ; for they flowered during 1867 by themselves 
so that they must have been illegitimately fertilised 
by one another. It has already been stated that a 
legitimate long-styled plant, growing by itself and 
visited by insects, yielded an average of 21 • 5 seeds 
per capsule, with a maximum of 35; but, to judge 
fairly of its fertility, it ought to have l)ecn observed 
during successive seasons. Wo may also infer from 
analogy that, if several legitimate long-styled plants 
wer« to fertilise one another, the average number of 
seeds would be increased; but how much increased 
I do not know ; hence I have no perfectly fair standard 
of comparison by which to judge of the fertility of the 
three following plants of the present lot, the seeds of ^ 
which I counted. 

Plant 11. This long-styled plant produced a large crop of 
capsules, and in this respect was one of the most fertile of 
the whole lot of nineteen plants. But the average from tea 

o 2 
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capstdes \nis only 35*9 Boeds, with a maximum of 60 and a 
minimum of 8. 

Plant 12. This long-styled plant produced very few capsules; 
and ten yielded an average of only 16*4 seeds, with a maximum 
of 30 and a minimum of 4. 

13. *^rhis plant offers an anomalous case; it flowered 
profusely, yet produced very few ca})sules; but these con- 
tained numerous seeds. Ton capsules yielded an average of 
71*9 seeds, with a maximum of 95 and a minimum of 29. Con- 
sidering that this plant was illegitimate and illegitimately fer- 
tilised by its brother long-styled seedlings, the average and the 
maximum arc so remarkably high that I cannot at all under- 
stand the case. We should remember that the average for a 
legitimate plant legitimately fertilised is 93 seeds. 


Class HI. Illegitimate Plants raised from a Short- 
stifled Parent fertilised tvith pollen from own-form 
mid-length stamen. 

I raise<l from this union nine plants, of which eight 
were short-styled and one long-styled ; so that then' 
seems to be a strong tendency in this form to repro- 
duce, when self-fertilised, the parent-form; hut the 
tendency is not so strong as with the long-styled. 
Those nine })Iants lU'ver attained the full height of 
legitimate plants growing close to them. The anthers 
were contabescent in many of the flowers on several 
plants. 

Plant 14. This short-styled plant was allowed during 1865 to 
be freely and legitimately fertilised by illegitimate plants de- 
scended from self-fertilised mid-, long- and shorinstylcd plants. 
Fifteen capsules yielded an average of 28*8 seeds, with a 
maximum of 51 and a minimum of 11; hence this plant 
produced only 33 per cent, of the proper numlier of seeds. The 
seeds themselves were simill and irregular in shape. Although 
so sterile on the female side, none of the anthers were conta- 
liescent. 

Plant 15. This short-styled plant, treated like the last during 
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the same year, yielded an average, from fifteen capsules, of 27 
seeds, with a maximum of 49 and a minimum of 7. But two 
poor capsides may bo rejected, and then the average rises to 
32*6, with the same maximum of 49 and a minimmn of 20 ; so 
that this plant attained 38 per cent, of the normal standard of 
fertility, and was rather more fertile than the last, yet many of 
the anthers were contabescent. 

Plant 16. This shortnAyled plant, treated like the two last, 
yielded from ten capsules an average of 77*8 seeds, with a 
maximum of 97 and a minimum of GO; so that this plant 
produced 94 per cent of the full numlx)!' of seeds. 

Plant 17. This, the one long-styled plant of the same parent- 
age as -the last three plants, when freely and legitimately ferti- 
lised in the same manner us the last, yielded an average from 
ton capsules of 76*3 rather poor seeds, with a maximum of 88 
and a minimum of 57. Hence tliis plant produced 82 per cent 
of the pi*oper number of seeds. Twelve flowers enclosed in a 
not were artificially and legitimately fertilised with pollen from 
a legitimate short-styled plant ; and nine capsules yielded an 
average of 82*5 seeds, with a maximum of 98 and a minimum 
of 51; so that its fertility was increased by tlio action of 
pollen from a legitijuato plant, but still did not reach the normal 
standaid. 

Class IV. lUeffitimate Plants raised from a Mid-stifled 

Parent fertilised with pollen, from own-form longest 

stamens. 

After two trials, I succeeded in raising only four 
plants from this illegitimate union. These proved to 
be three mid-styled and one long-styled ; but from so 
small a number we can hardly judge of the tendency 
in mid-styled plants when self-fertilised to reproduce 
the same form. These four plants never attained their 
full and nonnal height; the long-s1;yled plant had ^ 
several of its anthers contabescent. 

Plant 18. This mid-stylod plant, when freely and legitimately 
fertilised during 1865 by illegitimate plants descended from 
self-fertilised long-, short-, and mid-styled plants, yielded an 
average from ten capsules of 102*6 soods, with a maximum of 
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IBl and a minimum of 63 : hence this plant did not produce 
quite 80 per cent, of the normal number of seeds. Twelve 
flowers were artificially and legitimately fertilised with pollen 
from a logitiuiate long-styled plant, and yielded from nine 
capsules aq. average of 116 *1 seeds, which were finer than 
in the previous case, with a maximum of 135 and a minimum 
of 75; so that, as with Plant 17, pollen from a legitimate 
plant increased the fertility, but did nt>t bring it up to the full 
standard. 

riant 19. This mid-styled plant, fertilised in the same manner 
and at the same period as the last, yielded an average from 
ten capsules of 73*4 seeds, with a maximum of 87 and a mini- 
mum of 64 : hence this plant produced only 56 per cent of the 
full number of seeds. Thirteen flowers were artificially and 
legitimately fertilised with pollen from a legitimate long-styled 
plant, and yielded ten capsules with an average of 95*6 seeds ; 
so that the aiDplication of pollen from a legitimate plant added, 
as in the two previous coses, to the fertility, but did not bring 
it up to the proper standard. 

riant 20. This long-styled plant, of the same parentage with 
the two last mid-sty led plants, and freely fertilised in the same 
manner, yielded on average from ten capsules of 69*6 seeds, 
with a maximum of 83 and a minimum of 52 : hence tliis plant 
produced 75 per cent, of the full number of seeds. 

Class Y. lUegUimaie Plants raised from a ShorUstyled 

Parent fertilised mth pollen from the mid-length 

stamens of the long-styled form. 

In the four previout' classes, plants raised from the 
three forms fertilised with pollen from either the longer 
or shorter stamens of the same form, but generally not 
from the same plant, have been described. Six other 
illegitimate unions arc possible, namely, between the 
three forms and* the stamens in the other two forms 
which do not correspond in height with their pistils. 
But I succeeded in raising plants from only three of 
these six unions. Prom one of them, forming the pre- 
sent Class V., twelve plants were raised; these con- 
sisted of eight short-styled, and four long-styled plants, 
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with not one mid-styled. These twelve plants never 
attained quite their full and proper height, but by no 
means deserved to be called dwarfs. The anthers in 
some of the flowers were contabescent. One plant was 
remarkable from all the longer stamens in ef ery flower 
and from many of the shorter ones having their 
anthers in this comRtion. The pollen of four other 
plants, in which none of the anthers were contabe- 
scent, was examined; in one a moderate number of 
grains were minute and shrivelled, but in the otKer 
three they appeared perfectly sound. With respect to 
the power of producing seed, five plants (Nos. 21 to 
25) were observed: one yielded scarcely more than 
half the normal number ; a second was slightly infer- 
tile ; but the thrci^ others actually produced a larger 
average number of seeds, with a higher maximum, 
than the standard. In my concluding remarks I shall 
recur to this fact, which at first appears inexplicable. 

Plant 21. This short-styled plant, freely and legitimately 
fertilised during 1865 by illegitimate plants, descended from 
self-fertilised long-, mid- and short-styled parents, yielded an 
average from ton capsules of 43 seeds, with a maximum of 63 
and a minimum of 26 : hence this plant, which was the one 
with all its longer and many of its shorter stamens contabescent, 
produced only 62 per cent, of the proper number of seeds. 

Plant This short-styled plant produced perfectly sound 
pollen, as viewed under the microscope. During 1866 it was 
freely and legitimately fertilised by other illegitimate plants 
belonging to the present and the following class, both of which 
include many highly feiiile plants. Under these circumstances 
it yielded from eight capsules an average of 100*5 seeds, with 
a maximum of 123 and a minimum of 86 ; so that it produced* 
121 per cent of seeds in comparison with the normal standard. 
During 1864 it was allowed to be freely and legitimately ferti- 
lised by legitimate and illegitimate plants, and yielded an 
average, from eight capsules, of 104*2 seeds, with a maximum 
of 125 and a minimum of 90; consequently it exceeded the 
normal standard, producing 126 per cent of seeds. In this 
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case^ as in some previous cases^ pollen from* legitimate plants 
add^ in^ a small degree to the fertility of the plant ; and the 
fertility would, perhaps, have been still greater had not the 
summer of been very hot and certainly unfavourable to 
some of the plants of Lythrum. 

Plant 23. 'Tliis •short-styled plant p^uced perfectly sound 
pollen. During 1866 it was freely and i^itimately fertilised by 
the otlier illegitimate phants H])ecified under the Inst experi- 
ment, and eight capsules yielded an average of 113 '5 seeds, 
with a maximum of 1*J3 and a minimum of 93. Hence this 
plant exceeded the normal standard, producing no less than 136 
per cent, of seeds. 

Plant 24:. Tliis long-stylctl jdant produced pollen, which 
seemed niidcr the micr«)scope sound; but some of the gniins 
did not svfell when placed in water. During 1864 it wan 
legitimately fertilisai by legitimate and ill(^timate plants ij. 
the same manner jis Phuit 22, hut yielded on veirigo, %>m ton 
capsules, of only 55 seorls, wi+h a maximum of 88 and a mii 
mum of 24, thus attaining 59 per cent. the iionmil fertility. 
This low degree of fertility, I presume, was owing to the un- 
favourable season ; fm* during 1866, when legitimately fortilibod 
by illegitimate phuits in tlio manner described under No. 22, aC 
yielded an average, from eight capsuh's, of 82 seeds, with a 
maximum of 120 and a miiiimmn ul 67, thus piXKlucing 88 per 
cent, of the normal number of seecCj. 

Plant 23. The poll -'ll of this loijg-styled plant contmnal a 
moderate number poor and slirivollcd grains ; and this is a 
surprising circninstai as it yielded jut extraordinary number 
of seeds. Di^ring '+ a.j ^rcoiy and legitimately fertilised 
by illegitimate plants, ilh .lescrilied 'dor Na 22, and yielded 
an average, from eight capsules, of 122*5 seeds, with a maximum 
of 149 and a minimum of Hence this plant exceeded 
the normal standard, producing no loss tlian 131 per cent, of 
seeds. 


‘Class VI. Hlegitlmaie Plmta raised from Mid-styhd 
Parents fertilised with poUm from the shortest 
stamens of the long-styled form. 

I raised from this union twenty-five plants, which 
proved to be seventeen long-styled and eight mid* 
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styled^ but not one shoiirstyled. None of these plants 
were in the least dwarfed. 1 examined^ during the 
highly favourable season of 1866, the pollen of four 
plants : in one mid**styled plant, some of th5 mithers of 
the longest stamens were contabescent, but the pollen- 
grains in the other anthers were mostly sound, as 
they were in all the hnthers of the shortest stamens ; 
in two other mid-«tyled and in one long-styled plant 
many of tho pollen-grains wore small and shrivelled ; 
and in the latter lAv t us many as a fifth or sixth j rt 
appeared to be i.i this stale. I counted the seeds in 
five plauis^y ^ 3tr;. ofw^ich two were mode- 

ratel> stei ^>e ^ rtilo. 

This iriifi-Hty*. plants .6 freely and legitimately 
^''rtiliseu, <luring ^ e rather irnfavouraUe year 1864, hy numei> 
OILS siu'roundmg legitimate and illegitimate ])lan*-s. It yielded 
an average, from ton apsuaos, of 88 jceds, with a maximum 
of 110 aii<l a minimum of 64, thus ath«njtig 64 per cent^ of the 
normal fertility. Luring the Highly favourable year 1866, it 
was freely and legitimately feHilised by illegitimate plants 
belonging to the ]' ^.i^iit Class and to Class Y., and yielded 
on nvcnige, h’tm cigi uies, o 86 seeds, with a ma mum 
of 109 and a niininn^ of 61, and thus attai:iril 66 per 
of the normal tci*tiiity. Tliis was tho [. ut wiih some " the 
gathers of the longest stamens :ontaboseent ns aljove mentioned. 

PlatU 9"^. This mid-styleil plant, fortilisKl daring 1864 in the 
same manner as the hwt, yiel'^cd an average, from ten capsules, 
of 99*4 seeds, with a maximum of 122 and a minimum of 58, 
thus attaining to 76 jier cent, of tho normal fertility. If tho 
season had been more favourable, its fertility would probably 
havp been somewhat greater, but, judging from the last experi- 
ment, only in a slight degree. 

Plant 28. This mid-styled plant, when Intimately fertilised « 
during the favourable season of 1866, in the manner described 
under Na 26, yielded on average, from eight capsules, of 89 
seeds, with a maximum of 119 and a minimum of 69, thus pro- 
ducing 68 per cent of the full number of seeds. In the pollen 
of both sets of anthers, nearly as many grains were snudl and 
shrivelled as sound. 



202 


ILLEGITIMATE OFFSPRING OF 


Chap. V. 


Plant 29. This long-styled plant was legitimately fertilised 
during the unfayourable season of 1864, in the manner described 
under No. 26, and yielded an average, from ten capsules, of 
84*6 seeds, with a maximum of 132 and a minimum of 47, thus 
attaining 91 per cent, of the normal fertility. During the 
highly favourable season of 1866, whei^ fertilised in the manner 
described under No. 26, it yielded an av^ge, from nine cai>* 
sules(ono poor capsule having been* excluded), of 100 seeds, 
with a maximum of 121 and a minimum of 77. This plant thus 
exceeded the normal standard, and produced 107 per cent, of 
seeds. In both sets of anthers there were a good many bad and 
shrivelled pollen-grains, but not so many as in the last-described 
plant. 

Plant 80. This long-styled plant was legitimately fertilised 
during 1866 in the manner described under No! 26, and yielded 
an average, from eight capsules, of 94 seeds, with a maximum 
of 106 and a minimum of 66 ; so that it exceeded the normal 
standard, yielding 101 per cent, of seeds. 

Plant 31. Some flowers on this long-styled plant were arti- 
ficially and legitimately fertilised by one of its brother illegiti- 
mate mid-styled plants; and five capsules yielded an average of 
90*6 seeds, with a maximum of 97 and a minimum of 79. 
Hence, as far as can lie judged from so few capsules, this plant 
attained, under these favourable circumstances, 98 per cent, of 
the normal standard. 


Class VII. lUegitimcde Plants raised from Mid-styled 
Parents fertilised with pdlm from the longest stamens 
of the short-styled form. 

It was shown in the last chapter that the union from 
which these illegitimate planto were raised is far more 
fertile than any other illegitimate union ; for the mid- 
styled parent, when thus fertilised, yielded an average 
(all very poor capsules being excluded) of 102*8 seeds, 
with a maximum of 130 ; and the seedlings in the 
present class likewise have their fertility not at all 
lessened. Forty plants were raised ; and these attained 
their full height and were covered with seed-capsules* 
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Nor did I observe any contabescent anthers. It de- 
serves, also, particular notice that these plants, differ- 
ently from what occurred in any of the previous classes, 
consisted of all three forms, namely, eighteen short- 
styled; fourteen long-styled, and eight mid-styled 
plants. As these plants were so fertile, I counted the 
seeds only in the two following cases. ' 

Vlmt 32. This mid-styled plant was freely and legitimately 
fertilised during the unfavourable year of 1864, by numerous 
surrounding legitimate and illegitimate plants. Eight eap- 
sules yielded an average of 127 '2 seeds, with a maximum of 144 
and a minimum of 96 ; so that this plant attained 98 per cent, 
of the normal standard. 

Fkwt ^13. This short-styled plant was fertilised in the same 
manner and at the same time with the last ; and ten capsules 
yielded an average of 113 *9, with a maximum of 137 and a 
minimum of 90. Henoe this plant produced no less than 137 
per cent, of seeds in comparison with the normal standard. 


Concluding Remarks on the lUegUimaie Ofsping of the 
three forms of Ly thrum salicaria. 

From the three forms occurring in approximately . 
equal numbers in a state of nature, and from the re- 
sults of sowing seed naturally produced, there is reason 
to believe that each form, when legitimately fertilised, 
reproduces all three forms in about equal numbers. 
Now, we have seen (and the fact is a very singular 
one) that the fifty-six plants produced from the 
long-styled form, illegitimately fertilised with pollen 
from the same form (Glass 1. and II.), were all long- , 
styled. The short-styled form, when self-fertilised 
(Class III.), produced eight short-styled and one long- 
styled plant; and the mid-styled form, similarly treated 
(Class IV.), produced three mid-styled and one long- 
styled offspring ; so that these two fonns, when ille- 
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gitioiately fertilised with pollen from, the same form, 
evince a strong, but not exclusive, tendency to repro- 
duce the parent-form. When the short-styled form 
was illegitimately fertilised by the long-styled form 
(Glass and again when the mid-styled was illegiti- 
mately fertilised by the long-styled (Glass VL), in 
each case the two parent-forms alone were reproduced. 
As thirty-seven plants woro raised from these two 
unions, we may, with much confidence, believe that it 
is the rule that plants thus derived usually consist of 
both parent-forms, but not of the third form. When, 
however, the mid-styled form was illegitimately fer- 
tilised by the longest stamens of the short-styled 
(Glass VII.), the same rule did not hold good ; for the 
seedlings consisted of all throe forms. The illegiti- 
mate union from which these latter seedlings were 
raised is, as previously stated, singularly fertile, and 
the seedlings themselves exhibited no signs of sterility 
and grew to their fuU height. From the consideration 
of these several facts, and from analogous ones to be 
given under Oxalis, it seems probable that in a state 
of nature the pistil of each form usually receives, 
through the agency of insects, pollen from the stamens 
of corresponding height from both the other forms. 
But the case last given shows that the application of 
two kinds of pollen is not indispensable for the pro- 
duction of all three forms. Hildebrand has suggested 
that the cause of all three forms being regularly and 
naturally reproduced, may be that some of the flowers 
are fertilised with one kind of pollen, and others 
on the same plant with the other kind of pollen. 
Finally, of the three forms, the long-styled evinces 
somewhat the strongest tendency to reappear amongst 
the offspring, whether both, or one, or neither of the 
psrents ate long-styled. 
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Table 30. 

Tabxilated results of the fertility of the foregoing illegitimate 
plants, when legitimately fertilised, generally by illegitimate 
plants, as described under each experiment. Plants 11,-12 
and 13 are excluded, as they were illegitimately fertilised. 

Ntyrmal Standfird of Fertility of the three forms, when\gitimateUj 
and nalMrally fertilised. 


Form. 

Average 
Number of 
Seeds per 
Ckpsule. 

Maximum 
Number In 
any one 
Capsule. 

Minimum Number lii any 
one Capsule. 

Long-sty 1p(1 .... 

93 

IB 

|No record wfus kept, us 

Mid-styled «... 

130 


> all very poor ca 2 >sules 

Short-atylod 

83-6 

IB 

1 were rejected. 


Class 1. and II. — lllvyitimate Plants raised from Long styled 
Parents frrfdisul anfli jiolln from own-form mid-hngth or 
short fsf hkuneus. 


Number of IMant. 

Form. 

1 

Average ' Maximum 
Number of Number in 
Seeds per any one 
Cepstile. 1 Capsule. 

Minimum 
Number in 
any one 
Cap&ule. 

Average Nam« 
ber ol Seeds, 
cxpreatKid as 
tbe percentage 
of the Normal 
Standard. 

Plant 

1 . 


Lontr-styled 

0 

0 

0 

0 


o 


yy 

4*5 

? 

0 

5 


3 . 


»» 1 

4-6 

? 

0 

5 


4 . 


u 

4-5 

? 

0 

5 


5 . 


yt 

0 or 1 

• 2 

0 

0 or 1 

yt 

6 . 


yy 

0 

0 

0 

0 


7 . 


ty 

36*1 

47 

22 

39 


H . 


)) 

41*1 

73 

11 

44 

n 

9 . 


1) 

57-1 

86 

23 

61 

yy 

10 . 



44-2 

69 

25 

47 


Class III . — Illegitimate Plants raised from SJiort-styled Parents 
fertilised with pollen from own-form shortest stamens. 


1 Short-styled 

28-3 

51 

11 

33 

*' 

32' 6 

49 

20 

38 

1 

77-8 

97 


94 

1 Loug-btyled j 

76*3 

' 88 

67 

82 
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Table 80 — continued. ’ 


Class IV. — Uleg'itiTmte Plants raised fnm Mid^tyled Pa/revds 
fertilised wUhpcHUn from oumform longest stamem. 


t 

STttmber of Plant. 

Fonn. 

Average 
Number of 
Seeds per 
Capsule. 

M^mum 
Niipaberlii 
any ono 
^psule. 

Minimum 
Number in 
any one 
Capsule. 

Average Num- 
ber of Seeds, 
expressed as 
theperceiitaKO 
of toe Nonnal 
Standard. 

inant 18 . . 

Mid-stjled. 

102-6 

131 

63 

80 

,, 19 . . 

IT 

73-4 

87 

64 

56 

„ 20 . . 

Long-Styled 

69-6 

83 

52 

75 


Class V. — Illegitimate Plants raised from Short^styled Parents 
fertilised with pollen from the mid-length stamens of the Ivng^ 
styled form. 


Plant 21 , . 

Short-styled 

43-0 

63 

26 

52 

„ 22 . . 

9) 

100-5 

123 

86 

121 

„ 23 . . 

n 

113-5 

123 

93 

136 

„ 24 . . 

' Long-styled 

82-0 

120 

67 

88 

„ 25 . . ; 

1 »> 

122-5 

149 

84 

131 


Class VI. — Illegitimate Plants raised from Mid-stglcd Parents 
fertilised with poUen from the shortest stamens of the long- 
styled form. 


Plant 26 . • 

Mid-styled, 

1 86-0 

109 

61 

66 


27 . . 

If 

99-4 

122 

53 

76 

n 

28 . . 

n 

1 89-0 

119 

69 

68 

n 

29 . . 

Ijong-styled 

1 100-0 

121 

77 

107 

It 

30 . . 

1 

! 94-0 

106 

66 I 

101 

w 

31 . , 

1 ” 

90-6 

97 

79 1 

98 


Class VII . — Illegitimate Plants raised from Mid^tyled Parents 
fertilised with pollen from the longest stamens of the short- 
styled form. 


Plant 32 . . 

j Mid-sty led. 

127-2 

144 

96 

98 

»» 33 * • 

Short-styled 

113-9 

137 

90 

137 
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The lessened fertility of most of these illegitimate 
plants is in many respects a highly remarkable phe- 
nomenon. Thirty-three plants in the seven classes 
wore subjected to various trials, and the seeds care- 
fully counted. Some of them were artificially ferti- 
lised, but the far greater number were freely fertilised 
(and this is the better and natural plan) through the 
agency of insects, by other illegitimate plants. In the 
right-hand, or percentage column, in the preceding 
table, a wide difference in fertility between the plants 
in the first four and the last three classes may be per- 
ceived. In the first four classes the plants are de- 
scended from the three forms illegitimately fertilised 
with pollen taken from the same form, but only 
rarely from the same plant. It is necessary to observe 
this latter circumstance; for, as I have elsewhere 
shown,* most plants, when fertilised with their own 
pollen, or that from tho same plant, are in some 
degree sterile, and the seedlings raised from such 
unions are likewise in some degree sterile, dwarfed, 
and feeble. None of the nineteen illegitimate plants 
in the first four classes were completely fertile ; one, 
however, was nearly so, yielding 96 per cent, of the 
proper number of seeds. Prom this high degree of 
fertility we have many descending gradations, till we 
reach an absolute zero, when the plants, though bear- 
ing many flowers, did not produce, during successive 
years, a single seed or even seed-capsule. Some of the 
most sterile plants did not even yield a single seed 
when legitimately fertilised with pollen from legiti- 
mate plants. There is good reason to*believe that the 
first seven plants in Class I. and IL were the offspring 

* ‘The Effects of Cxoss and Self-fertilisation in the Vegetable 
Kingdom,* 1876. 
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of a long-styled plant fertilised with pollen from its 
own-form shortest stamens^ and these plants were the 
m6st sterile of all. The remaining plants in Class I. 
and 11. were almost certainly the product of pollen 
from the 'mid-length stamens, and although very ste- 
rile, they were less so than the ftst set- None of the 
plants in the first four classes cfttained their full %nd 
proper stature ; the first seven, which were the most 
sterile of all (as already stated), were by far the most 
dwarfed, several of them never reaching to half their 
proper height. These same plants did not flowpr at so 
early an age, or at so early a period in the season, as 
they ought to have done. The anthers in many of 
their flowers, and in the flowers of some other plants 
in the first six classes, were either contabescont or in- 
cluded numerous small and shrivelled pollen-grains. 
As the suspicion at one time occurred to me that the 
lessened fertility of the illegitimate plants might be 
due to the pollen alone having been affected, I may 
remark that this certainly was not the case ; for several 
of them, when fertilised by sound pollen from legiti- 
mate plants, did not yield the full complement of 
seeds ; hence it is certain that both the female and 
male reproductive organs were affected. In each of 
the seven classes, the plants, though descended from 
the same parents, sown at the same time and in the 
same soil, differed much in their average degree- of 
fertility. 

Turning now to the fifth, sixth, and seventh classes, 
and looking to the right-hand column of the table, we 
find nearly as many plants with a percentage of seeds 
above the normal standard as beneath it. As with 
most plants the number of seeds produced varies much, 
it might be thought that the present case was one 
merely of variability. But this view must bo rejected, 
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' as far as the less fertile plants in these three classes 
are concerned : first, because none of the plants in 
Class y. attained their proper height, which shows 
that they were in some manner affected ; and, secondly, 
because many of the plants in Classes Y. and YL pro- 
duced anthers which were either contabescent or in- 
cluded small and shiirelled pollen-grains. And ^ in 
these cases the male organs were manifestly deterio- 
rated, it is by far the most probable conclusion that 
.the female organs were in some cases likewise affected, 
and that this was the cause of the reduced number of 
seeds.* 

With respect to the six plants in these three classes 
which yielded a very high percentage of seeds, the 
thought naturally arises that the normal standard of 
fertility for the long-styled and short-styled forms 
(with which alone we are here concerned) may have 
been fixed too low, and that the six illegitimate plants 
arc merely fully fertile. The standard for the long- 
styled form was deduced by' counting the seeds in . 
twenty-three capsules, and for the short-styled form 
from tirenty-fire capsules. I do not pretend thaf this 
is a suflicient number of capsules for absolute accu- 
racy ; but my experience has led me to believe that a 
very fair result may thus be gained. As, however, the 
maximum number observed in the twenty-five capsules 
of the short-styled form was low, the standard in this * 
case may possil^ly be not quite high enough. But it 
should be observed, in the case of the Illegitimate 
plants, that in order to avoid over-estimating their in- 
fertility, ten very fine capsules were always selected ; • 
and the years 1865 and 1866, during which the plants 
in the three latter classes were experimented on, were 
highly favourable for se^-production. Now, if this 
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plan of selecting very lino capsules during favourable 
seasons had been followed for obtaining the normal 
standards, instead of taking, during various seasons, 
the first capsules which came to hand, the standards 
would undoubtedly have been considerably higher; 
and thus the fact of the six foregoing plants appearing 
to yield an unnaturally liigh pereentage of seeds may, 
perhaps, be explained. On this view, these plants are, 
in fact, merely fully fertile, and not fertile to on ab* 
normal degree. Nevertheless, as characters of all 
kinds are liable to variation, especially with organisms 
unnaturally treated, and as in the four first and more 
sterile claves, the plants derived from the same pa- 
rents and treated in the same manner, certainly did 
vary much in sterility, it is possible that certain plants 
in the latter and more fertile classes may have varied 
so as to have acquired an abnormal degree of fertility. 
But it should be noticed that, if ray standards err in 
being too low, the sterility of all the many sterile 
plants in the several classes will have to be estimated 
by so much the higher. Finally, wo see that the ille- 
gitimate plants in the four first classes are all moro or 
less sterile, some being absolutely barren, with one 
alono almost completely fertile ; in the three latter 
classes, some of the plants are moderately sterile, 
whilst others arc fully fertile, or possibly fertile in 
excess. 

The last point which need here be noticed is that, 
as far as the means of comparison serve, some degree 
of relationship generally exists between the infertility 
of the illegitimate union of the several parent-forms 
and that of their illegitimate offspring. Thus the 
two illegitimate unions, from which the plants in 
Classes VI. and VII. were derived, yielded a fair 
amount of seed, and only a few of these plants ore in 
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any degree sterile. On the other hand, the illegiti- 
mate unions between plants of the same form always 
yield very few seeds, and their seedlings are very 
eterilo. Long - styled parent-plants when fertilised 
with pollen from their own-form shortest stamens, ap- 
pear to be rather mofe sterile than when fertilised with 
their own-form mid-length stamens ; and the seedlings 
from the former union were much more sterile tlian 
those from the latter union. In opposition to this re- 
lationship, short-styled plants illegitimately fertilised 
with pollen from the mid-length stamens of the long- 
styled form (Class V.) are very sterile ; whereas some 
of the offspring raised from this union wore far from 
being highly sterile. It may be added that there is a 
tolerably close parallelism in all the classes between 
the degree of sterility of the plants and their dwarfed 
stature. As previously stated, an illegitimate plant 
fertilised with pollen from a legitimate plant has its 
fertility slightly increased. The importance of the 
several foregoing conclusions will be apparent at the 
close of this chapter, when the illegitimate unions be- 
tween the forms of the same species and their illegiti- 
mate offspring, are compared with the hybrid unions 
of distinct species and their hybrid offspring. 

OXALIS. 

No one has compared the legitimate and illegiti- 
mate offspring of any trirao'rphic species in this genus. 
Hildebrand sowed illegitimately fertilised seeds of 
OoMilis YoHdiviana* but they did not*germinate; and * 
this fact, as he remarks, supports my view that an 
illegitimate union resembles a hybrid one between 

* ‘Bot Zeitung/ 1871, p. 433, footnote. 

p 2 
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two distinct species, for the seeds in this latter case 
are often incapable of germination. 

The following observationR relate to the nature of the forms 
which appear among the legitimate seedlings of Oxalis Valdiviana. 
Hildebrand raised, as described in th^ paper just referred to, 
211 scetilings from all six legitimate unions, and the three forms 
aippeared among the oifspring from cSch union. For instance, 
long-fitylcd phnits wore legitimately^ fertilised with pollen from 
the longest stamens of the mid-styled form, and the seedlings 
consisted of 15 long-styled, 18 mid-styled, and 6 short-styled. 
■NVe here see that a few short-styled plants weio produced, though 
neither parent was short-styled; and so it was w’ith tlic other 
legitimate unions. Out of the alxive 211 seedlings, 173 l)olongo<l 
to the same two forms as their piirerits, and only 38 Ijcloiiged 
to the third form distinct from either parent. In the case of 
0. Ileynefli, the result, as observed by Hildebrand, was nearly 
the same, but more striking ; all the offspring from four of the 
legitinnitc unions consisted of the two pai'eiit-forms, whilst 
amongst the scedliiigs from the other two legitimate unions the 
third form apiwarcd. Thus, of the 43 seedlings from the six 
legitimate unions, 35 belonged to the sjwiio tw'o forms ns their 
l>arents, and only 8 to the third form. Fritz Muller also niiscd 
in Brazil seedlings from long-styled plants of O. l{e*)neUi legiti- 
mately fertilised wdth pollen from the longest shiiiiens of the 
mid-styled form, and all tliese l)eIoiigcd to the two parent- 
forms.* Lastly, seedlings were raised by me from long-styled 
plants of 0. legitimately fertilised by the short-styled 

form, and from the latter reciprocfilly fertilised by the long- 
styled; and the.se consisted of 33 long-styled and 26 short- 
styled plants, with not one mid-styled fonn. There can, there- 
fore, l)C no doubt that the legitimate offspring from any twc) 
fonns of Oxalis tend to 1)clong to the same two forms as their 
^wrtmts ; but that a few' seedlings belonging to the third form 
occasionally make their iy3{>earance ; and this latter fact, os 
Hildebrand remarks, may Iw attributed to atavism, as some of 
their progenitors will almost certuiuly have belonged to the 
third form. 

When, however, any one form of Oxalis is fertilised illegiti- 


• Jenaucho Zeilsclirift,’ &o. Band vi. 1871, p. 75. 
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matoly with pollen from tlio same form, the seedlings api^ear to 
belong invariably to this fonn. Thtis Hildebrand states* that 
long-styled plants of 0, u)sea growing by themselves haA'e been 
propagated in Germany yetir after year by seed, and have always 
produced long-styled plants. Again, 17 secdlings^were raised 
from mid-styled plants qf. ^ A hed*jmruides growing by themselves, 
and these were all mid-styled. So that the forms of Oxalis, 
when illegitimately fertilised wth their own pollen, behave like 
tlio long-styled form of Lyf^liru/n sahearia, which when thus fer- 
tilised always produced with me long-styled offspring. 


Primula. 

Primula Sinensis. 

I raised durini^ Ftibruary 18(32, from some long- 
styliMl plants illt‘gitimat(dy fortilised with pollen from 
the same form, twenty-seven seedlings. These were 
all long-stylod. Tho,y priivod fully fertile or even 
fortih) in excess ; for ten flowers, fertilised wdth pollen 
from plants of tlie same lot, yielded nine cap- 
sules, eontiuning on an average 39*75 seeds, wdth a 
niaxinmm in one capsule of 66 seeds. Four other 
flowers legitimately crossed with pollen from a legiti- 
mate plant, and four flowers on the latter crossed with 
pollen from the illegitimate seedlings, yielded seven 
capsules with an average of 53 seeds, with a maximum . 
of 72. I must here state that I have found some 
difficulty in estimating the normal standard of fer- 
tility for the several unions of this species, as the 
results differ much during succejsive years, and^ 
the seeds vary so greatly in size that it is hard to 


• ‘Uobor den TrimorphismuB eu Berlin,’ 21st Juno 1866, p. 373; 
in der Gattung Oxnlis: MODats* snd *Bot. Zoitung, 1871, p. 435. 
beriohte der Akad. dcr Wissen. 
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decide which ought to be considered good. In order 
to avoid over-estimating the infertility of the several 
illegitimate unions, I have taken the normal standard 
as low as possible. 

From the foregoing twenty-seven illegitimate plants, 
fertilised with their own-form pollen, twenty-five seed- 
ling grandchildren were raised; and these w^ere all 
long-styled ; so that from the *two illegitimate gene- 
rations fifty-two plants were raised, and all without 
exception proved long-styled. These grandchildren 
grew vigorously, and soon exceeded in height two 
other lots of illegitimate seedlings of different parent- 
age and one lot of equal-styled seedlings presently to 
be described. Hence 1 expected that they would have 
turned out highly ornamental plants ; but when they 
flowered, they seemed, as my gardener remarked, to 
have gone back to the wild state;* for the petals were 
pale-coloured, narrow, sometimes not touching each 
other, flat, generally deeply notched in the middle, 
but not flexuous on the margin, and with the yellow 
eye or centre conspicuous. Altogether these flowers 
were strikingly diffenmt from those of their pro- 
genitors; and this, I think, can only be accounted 
for on the principle of reversion. Most of the anthers 
on one plant were contabescent. Seventeen flowers 
»oii the grandchildren were illegitimately fertilised 
with pollen taken from other si^edlings of the same 
lot, and produced fourteen cajjsules, containing on an 
average 29*2 seeds; but they ought to have con- 
stained about 35» seeds. Fifteen flowers legitimately 
fertilised with pollen from an illegitimate short-styled 
plant (belonging to the lot next to be described) pro- 
duced fourteen capsules, containing an average of 46 
seeds ; they ought to have contained at least 50 seeds. 
Hence these grandchildren of illegitimate descent ap- 
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pear to have lost, though only in a very slight degree, ' 
their full fertility. 

We will now turn to the short-styled form: from a 
plant of this kind, fertilised with its own-f^rm pollen, 

I raised, during Fel)fuary 1862, eight seedlings, seven 
of whicli were shopt-q,tyled and one long-styled. They 
grew slowly, and never attained to the full stature of 
ordinary plants ; some of them flowered precociously, 
and others late in the season. Four flowers on these 
short-styled seedlings and four on the one long-styled 
scedlfng were illegitimately fertilised with their own- 
form pollen and produced only three capsules, con- 
taining on au average 23*6 seeds, with a maximum 
of 29 ; but we cannot judge of their fertility from so 
few capsules; and I have greater doubts about the 
normal standard for this union than about any other ; 
but I believe that rather above 25 seeds would be a 
fair estimate. Eight flowers on these same short-styled 
plants, and the one long-styled illegitimate plant 
were reciprocally and legitimately crossed ; they pro- 
duced five capsules, which contained an average of 
28*6 seeds, with a maximum of 36. A reciprocal 
cross between legitimate plants of the two forms 
would have yielded an average of at least 57 seeds, 
with a possible maximum of 74 seeds; so that these 
illegitimate plants were sterile when legitimately* 
crossed. 

I. succeeded in raising from the above seven short- 
styled illegitimate plants, fertilised with their own- 
fonn pollen, only six plants— graadehildren of the 
first union. These, like their parents, were of low 
stature, and had so poor a coiistitut|ion that four died 
before flowering. With ordinary plants it has been 
a rare event with me to have more than a single plant 
die out of a large lot. The two grandchildren which 
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lived and flowered were short-styled; and twelve of 
their flowers were fertilised with their own-form pollen 
and produced twelve capsules containing an 'werage 
of 28*2 seeds; so that these two planti^ ti.vKtgh be- 
longing to so weakly a set, wer^ rather more fertile 
than their jmrents, and perhaps not in ny degree 
sterile. Four flowers on the same two grandchildren 
were legitimately fertilised by a long-styled illegiti- 
mate plant, and prodiictKl four ( ij>sulos, containing 
only 32*2 seeds instead of about (>4 seeds, which is 
the normal average for legitimate sh "-styled phmts 
legitimately crossed. 

By looking back, it will be seen that I raised at 
first from a short-styled >huit fertilised with its own- 
form pollen one long -styled and seven shoit-styled 
illegitimate seedlings. These st^Kllings were legiti- 
mately intercrossed, and from their see<l fifteen plants 
were raised, grandchildren of the first illegitiiuatc 
union, and to my surprise all proved short-styled. 
Twelve short-styled lie ,rs ’x)riie by those grand- 
children we^ iU^gitimatcly fertilised with jKillen 
taken from other of the same lot, and produced 

eight capsules wuici cont 'neu a avoragti of 21*8 
seeds, with a maximum oi 35. TL sc figures are 
rather below the norm^ standaru for such a union. 
•Six flowers wore also legitir. ately fe.alised with jHdlen 
from an Illegitimate long-styled plant and produced 
only three o^apsules, containing on an average 23*6 
seeds, with a maximum of 35. Such a union in the 
];asf> of a legitimate plant ought to have yielded an 
average of 64 seeds, with a possible maximum of 73 
seeds. 

Sufimmy m the Trtmmiseion ofFerm^ OondituHm^ 
and F^UUy of the Ultimate Offe^niy of Pnmn&i 
flBnsnsis.— In regard to the long-styled plants^ their 
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illegitimate offspri ‘g, of which fifty-two were raised in 
the course of two generations, were all long-styled.* 
These ijlants grew vigoroualy ; but the flowers in one 
instance were sm*'U, appearing as if they had reverted 
to the wild state. Iij^ the first illegitimate generation 
they were perfectly fertile, and in the second their 
fertility only ury slightly impaired. With 
respect to the ^-styled plants, twenty-four out 9f 
twenty-five of illegitimate offspring were short- 
sty leH. They w '^'”arfed in stature, and one lot of 
p .• •h’luldrt ii had so poor a constitution that four out 
of six plants jicrishod before flowering. The two sur- 
vive .5 " boil illegitimately fertilised with their own- 
lorn^ were rather less fertile than they ought 

to June been; but their loss of fertility was clearly 
jdicwii in a sixicial and unexpected manner, namely, 
V b f: legitimately fertilised by other illegitimate 
olai ts: thus altogether eighteen flowers were fertilised 
in thi.. manner, and yielded twelve capsules, which 
Michnleil on an average only 28*5 seeds, with a 
maximum ^ ' 45. a legitimate short-styled plant 

wmild have yielded, when legitimately fertilised, an 
average of 64 seeds, with a possible maximum of 74. 
This particular kind of i ifertilify will perhaps be best 
appreciate<l by a simile : we may assume that with 
mankind six children would be born on an average from 
an ordinary marriage ; but that only tliree would be 
bom .from an incestuous marriage. According to the 
analogy of P»imula Sin&hmSy the children of such 

* Dr. Hildobrand, who first short-styksd. From a short^tyled 
called atteiitimi to this subjeol plant Ulegitimatelyfertiliaed with 
(* Bot Zettung,* 18C4, p. 6), nosed its own milen he raised fourteen 
thunasitafiar illegitimate union plants^ of which eleven wpre short- 
seventeen plants, of which four* styled end three Icng-styled. 
teas ware longetyled and three 
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incestuous marriages, if they continued to marry in- 
cestuously, would have their sterility only slightly 
increased ; but their fertility would not be restored by 
a proper marriage; for if two children, both of in- 
cestuous ^origin, but ill no de^^ree related to each 
other, were to marry, the marriage would of course be 
strictly .legitimate, nevertheless they would not give 
birth to more than half the full and jiroper number 
of children. 

EquahstyM variety of Ft imtda Sineitah, — As any variation in 
the stincture of the reproductive orffans, combined with chaiifjjod 
fimction, is a rare event, the followinf; cases are worth giving 
in detail. My attention was first called to th(‘ sulyect hy olv- 
serving, in 1862, a loiig-st}led plant, descended fnnn a self- 
fortilised long-styled imreiit, which laid some of its flowers in an 
anomalous state, namely, with the staraoiis placed low' down in 
the corolla as in the ordinary long-styled form, hut with the 
pistils so short tliat the stigmas stood on a level with the anthers. 
These stigmas were nearly as globular and as smooth as in the 
short-styled form, instead of being elongated and rough ns in 
the long'Styled form. Hero, theif, we liavo combined in the 
same flow’er, the short stamens of the long-styled form with a 
pistil closely resembling that of the sbo^-styled form. But 
the structure varied much 4;vcn on the same iimljel : for in tw'o 
Rowers the pistil was intorniofliatc in length lietween that of 
the long and that of the short-styled fonn, with the stigma 
elongated as in the former, and smooth as in the latter ; and in 
three other flow'ers the structure was in all respects like that of 
the long-styled form. These luodiiications appeared to me so 
remarkable that 1 fertilised eight of the Rowers witli their own 
l)ollen, and obtained five capsules, which cemtained on an aver- 
age 43 seeds; and this number shows that the flowers had 
become abnormalijs fertile in comparison with those of ordinary 
long-stylcsd plants when self-fertilised* 1 was thus led to ex- 
amine the plants in several small coUectioDs, and the resnlt 
showed that the equal-styled variety was not rare. 

In a state of nature the long and short-styled fiorms would no 
doubt occur in nearly equal numbers, as 1 infer from the analogy 
of the other heterostyled species of Primula, and firom having 
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Table 31. 

Pi imula Sinenus. 


E'anie of Owner or Place. 

Long styled 
Form. 

Short-styled 
Form, s 

Kqnal-styled 

Variety. 

Mr. Horwood 

0 

0 

17 

Wr. Duck . . . 

20 

0 

9 

Bastoa I 

30 

18 

^ 15 

Chichester 

12 

9 

2 

Hohvood ' 

42 

12 

0 ' 

Hi<;h Kims ' 

IG 

0 

0 

WVsterham 

1 

5 

0 

Myown^Jnnts from purchased seeds | 

13 

7 

0 

Total ■ 

i 

134 

51 

43 


raised the two forms of the present species in exactly the some 
uundx;r fi'oin flowers which had been le^tiiwiiehj crossed. The 
preijonderance in the alove table of the long-styled form over 
the short-styled (in tlie proi)ortion of 134 to 51) results from gar- 
iloncrs generally collecting seed from self-fertilised flow^ers; and 
the long-styled flowers produce spontaneously much more seed 
(as shown in the first chapter) than the short-styled, owing to the 
anthers of the long-styled form being placed low down in the 
corolla, so that, when the flowers fall off, the anthers are dragged 
over the stigma; and w^e now also know that long-styled plants, 
when sclf-ft;rtilised, very generally reproduce long-styled off- 
spring. From the consideration of this table, it occurred to 
me in ilio year 1862, tliat almost all the plants of the Chinese 
primrose cultivated in England would sooner or later become 
long-styled or equal-styled; and now, at the close of 1876, I , 
have had five small collections of plants examined, and almost 
all consisted of long-styled, with some more or less well-eho- 
ractcrised equal-styled plants, but with not one short-styled. 

With respect to the equal-styled plants in the table, Hor^ 
wood raised from purchased seeds four plants, which he xe- « 
tnembcied were certainly not long-styled, but either short or 
equal-styled, probably the latter. These four plants were kept 
separate and allowed to fertilise themselves; from their seed the 
eeventeon plants in the table were raised, all of which proved 
eqnal-styled. The stamens stood low down in the corolla as in 
the longHsty led form ; and the stigmas, which were globular and 
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smooth, were either completely surrounded by the anthers, or 
stood close above them. My son William m^e drawings for 
me, by the aid of the camera, of the pollen of one of the above 
etiual-styled plants ; and, in accordance with the position of the 
stamens, t^e grains resembled in their small size those of the 
long-stylod form. He also examined pqllen from two equal-styled 
plants at Southampton ; and in botli of them the grains dif- 
tered extremely in size in the siime" anthers* a large numlicr 
l)eiug small and shrivelled, whilst many were fully as large as 
those of the short-styled form and rather more globular. It is 
prol)iiblo that the large size of these grains was duo, not to their 
having assumed the character of the short-styled form, but to 
monstrosity; for Max Wiehura lias ol)served pollen -plains of 
monstrous size in certain hybrids. The V4ist iiunilxjr of the 
small shrivelled gitiins in the above two ca.scs explains the fact 
that, though cqual-stylcd \>lants are generally fertile in a high 
degree, yet some of them yield few seeds. I may add that my 
son compared, in 1875, the grains fnnn two white-flowered 
plants, in both of wliich the pistil projected above the anthers, 
but neither were properly long-styled or etiual-styled ; and in 
the one in which the stigma projected most, the grains were 
in diameter to those in the other plant, in which the stigma pro- 
jected less, as 1(X) to 88; where^ the diflfereiico lietwccn tlio 
grains from i)erfcctly characterise long-styled and short-styled 
plants is as 100 to 57. So that these two plants were in an 
intermediate condition. To return to the 17 plants in the first 
line of Table 31 ; from the relative {losition of their stigmas and 
anthers, they could hardly fail to feriiliw* themselves ; and ac- 
cordingly four of them Sj rmtancously yielded no less than 180 
capsules ; of these Mr. Horwood selected eight fine capsules for 
sowing; and they included on an average 54*8 seeds, with a 
maximum of 72. He gave me thirty other capsules, taken 
by hazard, of which twenty-seven contained, good sc()ds, ansr- 
aging 35*5, with a maximum of 70; but if six poor ca|)- 
sulcs, each with less than 13 seeds, be excluded, the average 
rises to 42*5. These are higher munbers than could lio ex- 
pected from either well-characterised fonn if self-fertilised ; and 
this high degree of fertility accords with the view that the 
male organs belonged to one form, and the fbmalo organs par- 
tially to the other form; so thgt a self-union in the case of the 
equabstylod variety is in fact a legitimate union* 

The seed saved from the above soventeou self-fertilisod equal- 
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styled plants produced sixteen plants, which all proved equal- 
styled, and resembled their parents in all the above-specified 
respects. The stamens, however, in one plant were seated higher 
up the tube of the corolla than in the true long-styled form ; 
in another plant almost all the anthers were contabescent. These 
sixteen plants were the grandchildren of the four original plants, 
whicli it is believed wei.3 equal-styled ; so that this abnormal 
condition was faithfully Jfcransmitted, piolwhly through three, 
and certainly thiough two generations. The fertility of one of 
these grandchildren was carefully observed; six flowers werp 
fertilised with |K)llen from the same flower, and produced six 
capsules, containing on an average 68 seeds, with a maximmn 
of 82, njul a minimum of 40. Thirteen capsules R|x>ntaneous]y 
self-fertilised jdeldcd an average of 53 '2 seeds, with the astonish- 
ing maximum in one of 97 seeds. In uo legitimate union has 
so high average as 68 seeds been observed by me, or nearly 
so high a maximum as 82 and 97. Those plants, therefore, not 
only have lost their proi»er heterostylcd structure and ^Kjculiar 
functional powers, but have acejuired an abnormal grade of fer- 
tility— unless, indectl, their high fertility may be accounted for 
by the stigmas receiving i)ollen from the circumjacent anthers 
at exactly the most favourable i)eri(Kl. 

With rosijcct to Mr. Duck’s lot in Table 31, seed was saved 
from a single jdaiit, of which the form was not observed, 
and this in-odnced nine equal-styled and twenty long-styled 
plants. The equal-styled resembled in all resjiccts those pre- 
viously dosoril)od; and eight of their capsules spontaneously 
selt-fertilised contained on an average 44 -4 seeds, with a 
maximum of 61 and a minimum of 23. In regard to the 
twenty long-stylod plants, the pistil in some of the flowers did 
not pvojcct quite so high as in ordinai-y long-styled flowera; 
and the stigmas, though pi'opcrly elongated, were smooth; so * 
that wo have here d slight approach in structure to the pistil of 
the short-styled form. Some of these long-styled plants also 
appi’oachcd the oqual-styled in function ; for one of them pro- 
duced no less than flftceii spontaneously self-fertilised capsules, 
and of these eight coiitoined, on an avera^, 31*7 seeds, with^ 
a maximum of 61, This average would be rather low for a 
long-styled plant artiftcially fertilised with its own pollen, bnt 
is high for one spontaneously self-fertilised. For instoce, 
tliirty-four capsules produced by the illegitimate grandchildren 
of a long-styled plant, spontaneously self-fertilis^, contained 
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on an average only 9*1 seeds^ with a maximum of 46. Some 
seeds indiscriminately saved from the foregoing twenty-nine 
equal-styled and long-styled plants produced sixteen seedlings, 
grandchildren of the original plant belonging to Mr. Duck ; and 
these consisted of fourteen equal-styled and two long-styled 
plants ; ai#d 1 mention this fact as an additional instance of the 
transmission of the equal-styled variety. 

The third lot in the table, namely the Boston plants, are the 
last which need be mentioned. The long and short-styled plants, 
and the fifteen eciual-styled plants, were descended from two 
distinct stocks. The latter were derived from a single plant, 
which the ganlener is positive was not long-styled ; hence, pro- 
l)ably, it was equal-styled. In all these fifteen plants the.«.iithors, 
occupying the same position as in the long-styled form, closely 
surrounded the stigma, which in one instance alone was slightly 
elongated. Notwithstanding this position of the stigma, tlio 
flowers, as the gardener assured me, did not yield many scctls ; 
and this difference from the foregoing coses may perhaps liavo 
been caufied by the pollen being bad, os in some of the South- 
ampton equal-styled xfiants. 

Conelusiom mth respect to the equaUatyled variety of 
P. Sinensis . — That this is a variation, and not a third or 
distinct form, as in the trimorphic genera Lythrum and 
OxaliSy is clear ; for we have seen its first appearance 
in one out of a lot of illegitimate long-styled plants ; 
and in the case of Mr. Duck’s seedlings, long-styled 
plants, only slightly deviating from the normal state, 
as well as equal-styled plants were produced from, the 
same self-fertilised parent. The portion of the sta- 
mens in their proper place low down in the tube of the 
corolla, together with the small size of the pollen- 
grains, show, firstly, that the equal-styled variety is a 
* modification of the long-styled form, and, secondly, that 
the pistil is the part which has varied most, as indeed 
was obvious in many of the plants. This variation is 
of frequent occurrence, and is strongly inherited when 
ti has once appeared. It would, however, have pos- 



Chap. V. HETBKOSTYLED DIMOBPHIC PLANTS. 223 

sessed little interest if it had consisted of a mere 
change of structure ; but this is accompanied by modi- 
fied fertility* Its occurrence apparently stands in 
close relation with the illegitimate birth of the parent 
plant; but to this whole subject I shall hereafter 
recur. • 

PrimSla auricula. 

Although 1 made no experiments on the illegitimate offspnng 
of this species, I refer to it for two reasons ; — First, because* 
T have observed two equal-styled plants in which the pistil 
resembled in all reBi)ectB that of the long-styled form, whilst 
tlio stamens htid become elongated as in the short-styled form, 
Ro that the stigma was almost surrounded by the anthers. The 
pollen-grains, however, of the elongated stamens resembled in 
their small size those of the shorter stamens proper to the long- 
styled form. Hence these plants have become equal-styled by 
the increased length of the stamens, instead of, as with P. 

by the diminished length of the pistil. J. Scott 
observed five other plants in the same state, and he shows * that 
one of them, when self-fertilised, yielded more seed than an 
ordinary long- or short-styled form would have done when 
similarly fertilised, but that it was far inferior in fertility to 
either forjm when legitimately crossed. Hence it appears that 
the male and female organs of this equal-styled variety have 
been modified in some special niannqr, not only in structure, 
but in functional powers. This, moreover, is shown by the 
singular fact that both the long-styled .and short-styled plants, 
fertilised with pollen from the equal-styled variety, yield a 
lower average of seed than when these two forms ore fertilised 
with their own pollen. 

The second point which deserves notice is that fioiists always 
throw away the long-styled plants, and save seed exclusively 
from the short-styl^ form. Nevertheless, as Mr. Scott was 
informed by a man who raises this species extensively in Scot- 
land, about one-fourth of the seedlings appear long-styled; so * 
that the short-styled form of the Auricula, when fertilised by 
its own pollen, does not reproduce the same form in so large a 
proportion as in the case of P. Sfmnns. We may farther infer 
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the short-etyled fonn is not rendered qtiite sterile by a 
hmg oonxse of fertilisation mth pollen of the same form : bnt as 
tfam Would always be some liability to an occasional cross with 
the other form, we cannot tell how long self-fertilisation has 
J)e6n eoniiniie4i 

Primula farinosa. 

Mr. Scott says * that it Is not at all uncommon to find cqnal- 
styled plants of this heterostyled species. Judging from the 
siro of the pollen-grains, these plants owe their structure, as in 
the case of P* aurkvlay to the abnormal elongation of the 
stamens of the long-styled form. In accordance with tliis riew, 
they yield less seed when crossed with the long-styled fonn 
than with the short-styled. But they differ in an ahomnlmiK 
manner from the equal-styled plants of P, au**/c ula in bomg 
extremely sterile with their own pollen. 

Primula xlatior. 

It was shown in the first chapter, on the authority of 
Herr Breitcnbach, that equal-styled flowers arc occasionally 
found on this species whilst groviiug in a state of iiatnn^ ; aii<l 
this is the only instance of such an occurrence known to me, 
with the exception of some wild plants of tlio Oxlip— a hybrid 
between P. vem and which were equal-styled. Herr 

Breitenboch’s case is remarkable in another way; fc»r equal- 
styled flowers were found in two instances on plants wliicli bore 
both long-styled and short-styled flowers. Jn every f)tluT 
instance these two fonus and the eciual-styled variety have 1)cen 
produced by distinct plants. 

I^IMUZiA TCliOABlS* Blit. PL 
Yar. aeaulii of Litin. and P* ocaviiB of Jacq. 

Var. rM&ra.~Mr. Scott stalest that this Tariety, which 
grew in the Botanic Garden in Edinburgh, was quite 
sterile when fertilised with pollen from the common 
primrose, as well as from a white tariety of the same 
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species, but that some of the plants, when artificially 
fertilised with their own pollen, yielded a moderate 
supply of seed. He was so kind as to send me some 
of these self-fertilised seeds, from whick I rdisej^tbe 
plants immediately to be described. I ma^ premise 
that the results of vfy experiments on the seedlings 
made on a large scale, do not accord with those by 
hit. Scott on the parent-plant. , 

First, in regard to the transmission of form and 
colour. The parent-plant was long-styled, and of a 
rich purple colour. From the self-fertilised seed 23 
plants wore raised; of these 18 were purple of dit- 
ferent shades, with 2 of them a little streaked and 
frcekled with yellow, thus showing a tendency to 
reversion ; and 5 wore yellow, but generally with a 
brighter orange centre than in the wild flower. All 
the plants were profuso flowerers. All were long- 
styled ; but the pistil \’aried a good deal in length 
even on the same plant, being rather shorter, or con- 
siderably longer, than in the normal long-styleil form ; 
and the stigmas likewise varied in shape. It is, 
therefore, probable that an equal-styled variety of the 
primrose might be found on careful search; and I 
have r(‘ccivcd two accounts of plants apparently in this 
condition. The stamens always occupied their proper 
position low down in the corolla; and the pollen- 
grains were of the small size proper to tlio long-styled 
form, but were mingled with many minute and 
shrivelled grains. The yellow-flowered and the purple- 
flowered plants of this first geheratioq were fertilised , 
under a net with their own pollen, and the seed sepa- 
rately sown. From the former, 22 plants were raised^ 
and all were yellow and long-styled. From the latter 
or the purple-flowered plants, 21 long-styled plants 
were raisod, of which 17 were purple and 7 yellow. 

Q 
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In tilis last case we hare an instance of reversion in 
colour, without the possibility of any cross, to the grand- 
parents or more distant progenitors of the plants in 
question. Altogether 23 plants in the first generation 
and 46 iif the second generation were raised ; and the 
whole of these 69 illegitimate plahts were long-styled ! 

Eight purple-flowered and two^ellow-flowered plants 
of the first illegitimate generation were fertilise*! in 
various ways with their own pollen and with that of 
the common primrose ; and the seeds were separately 
counted, but as I could detect no difference in fertility 
between the purple and yellow varieties, the results 
are run together in the following table. (See next 
page.) 

If we compare the figures in this table with those 
given in the first chapter, showing the normal fertility 
of the common primruso, we shall see that the illegiti- 
mate purple- and yellow-flowered varieties are very 
sterile. For instance, 72 flowers wore fertilised with 
their own pollen and produced only 11 good capsules ; 
but by the standard they ought to have profluced 48 
capsules ; and each of these ought to have contained 
on an average 52*2 seeds, instead of only 11*5 seeds. 
When these plants were illegitimately and legiti- 
mately fertilised with pollen from the common prim- 
rose, the average numbers were increased, but were far 
from attaining the normal standards. So it rras when 
both forms of the common primrose were fertilised 
with pollen from these illegitimate plants; and this 
shows that their male 'as well as their female organs 
were in a deteriorated condition. The sterility of these 
plants was shown in another way, namely, by their not 
producing any capsules when the access of all insects 
(except such minute ones as Thrips) was prevented; 
fr>r under these circumstances the common long-styled 
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Table 82. 

Primvla vulgarii. 


Nature of Plant experimented on, 
and kind of Union* t 


Purple- find yellow-flowered illcgi-^ 
timuto lon^-stylctl plants, 1 1 
iim'ttely fertilised with pollen I 
•froim the same plant . . 


Purple- and yellow-flowered illegi-\ 
timate long-styled plants, iii&jt- 
tirnatcly fertilised with pollen ^ 
from the common loug-styled 

primrose 

Or, if the ten poorest ca]»ules, 
including less than 15 seedb, be 
rejected, we get 

Purple- ami yellow-flowered illugM 
tiinate long-styled pl.ints, /fv/t- 
tiitviieh/ feitilised with pollen V 
from the common short-styled 

primrose 

Or, if the two poorest capsules,} 
including loss than 15 seeds, be > 
rejected, we get 


The long-styled form of the eoinmon' 
primrose, illeijiUmuMij fertilisetl 
with pollen firmi the long-styled 
illegit m.ite purple- and yellow- 

flowered plants 

Or, if the three poorest capsulcsV 
be rejected, we get , . . ./ 

The short-styled form of thecommonl 
primrose, leyilimately fertilised 
with pollen from the long-styled ► 
illegitimate purple- and yellow- 
flowered plants • • » * aJ 


I 

ll ^ 

If li r 

E S < 


Iliit I 

* 1 & 1 



primrose produces a considerable number of capsule^. 
There can, therefore, be no doubt that the fertility of 

q2 . 


of Seeds in 
any one Gspsule. 
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these plants was greatly impaired. The loss is not 
correlated with the colour of the flower ; and it was to 
ascertain this point that I made so many experiments. 
As the parent- 2 >lant growing in Edinbiirgh was found 
by Mr. Scott to be in a high degree sterile, it may 
have transmitted a similar tendency to its offspring, 
independently of their illegitimate birth. I am, how- 
ever, inclined to attribute some weight to the illegiti- 
macy of their descent, both from tho analogy of other 
cases, and more especially from the fact that when the 
plants were legitimately fertilised with j)olleu of the 
common primrose they yielded an average, as may be 
seen in the table, of only 5 more seeds than wiien 
aiegitimately fertilised with the same pollen. Now we 
knowr that it is eminently characteristic of tlie illegiti- 
mate offsj)ring of Primula Sinensis that they yield but 
few more seeds when legitimately fertilised than when 
fertilised with their own-form pollen. 

Primula veris, Brit. FI. 

Var. officinalis of Linn., P, officinalis of Jacq. 

Steeds from tho short-styled form of the cowslij) 
fertilised with pollen from the same form genninato 
so badly tliat I raised from three successive sowings 
only fourteen plants, which consisted of nines short- 
styled and five long-styled plants. Hence the short- 
styled form of the cowslip, when self-fertilised, does not 
transmit the same form nearly so truly as does that 
of P. Sinensis.^ From the long-styled form, always 
fertilised with its own-form jmllen, I raised in the 
first generation three long-styled plants, — from their 
seed 53 long-styled grandchildren, — ^from their seed 
4 long-styled great-grandc'.hildren, — ^from their seed 
20 long-styled great-great-grandchildren, — and lastly, 
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from their seed 8 long-styled and 2 short-styled great- 
great-great-grandchildren, In this last generation 
short-styled plants appeared for the first time, in the 
course of the six generations, — the parent long-styled 
plant which was fertilised with pollen from another 
plant of the same •form being counted as the first 
generation. Their appearance may be attributed to 
atavism. From two other long-styled plants, fertilised 
with their own-form pollen, 72 plants were raised,- 
wliioh consisted of 68 long-styled and 4 sliort-styled. 
Sf) tllat altogether 162 plants were raised from ille- 
gitimately fertilised long-styled cowslips, and these 
consisted of 156 long-styled and 6 short-styled plants. 

We will now turn to the fertility and powers of 
growth possessed by the illegitimate plants. From 
a short-styled plant, fertilised with its own-form 
pollen, one short-styled and two long-styled platits, 
and from a long-styled plant similarly fertilised three 
long-styled plants were at first raised. The fertility 
of these six illegitimate plants was carefully observed ; 
but I must i)roiuise that 1 cannot give any satisfactory 
standard of comparison as far as the number of the 
seeds is concerned ; fur though I counted the seeds 
of many legitimate plants fertilised legitimately and 
illegitimately, the number varied so greatly during 
succet rive seasons that no one standard will serve well « 
for illegitimate unions made durii^g different seasons. 
Moreover the seeds in the same capsule frequently 
differ so much in size that it is scarcely possible 
to decide which ought to be connt(^d as good seed^ 
There remains as the best standard of comparison the 
proportional number of fertilised flowers which pro- 
duce capsules containing any seed. 

First, for the one illegitimate short-styled plant. 
In the course of three seasons 27 flowers were illegiti- 
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mately fertilised with pollen from the same plant, and 
they yielded only a single capsule, which, however, con- 
tained a rather large number of seeds for a union of 
this nature, namely, 23. As a standard of comparison 
I may state that during the same three seasons 44 
flowers lx)nie by legitimate short-styled plants were 
self-fertilised, and yielded 26 capsules; so that the 
fact of tlio 27 flowei*s on the illegitimate plant having 
produced only one capsule proves liow sterile it was. 
To show that the conditions of life were favourable, 
I will add that numerous plants of this and "other 
species of Primula all produced an abuinlance of 
capsules whilst growing close by in the same soil with 
the present and following plants. The sterility of tlic 
above illegitimato short-styled plant depended on 
both the male and female organs being in a deterio- 
rated condition. This was manifestly the case with 
the pollen ; for many of the anthers were shrivelled 
or contabescont. Nevertheless some of the anthers 
contained pollen, with which I succeeded in fertilising 
some flowers on the illegitimate long-styled plants 
immediately to be described. Four flowers on this 
same short-styled plant were likewise legitimately fer- 
tilised with pollen from one of the following long- 
styled plants ; but only one capsule was produced, 
containing 26 seeds; and this is a very low number 
for a legitimate union. 

With respect to the five illegitimate long-styled 
plants of the first generation, derived from the above 
<*self-fertili8ed short-styled and long-styled parents, 
their fertility was observed during the same three 
years. These five plants, when self-fertilised, difiered 
considerably from one another in their degree of 
fertility, as was the case with the illegitimate long- 
styled plants of Lyihrum saliearia; and their fertility 



Chap.V. HETEROSTYLKD DIMORPHIC PLANTS. 231 

varied much according to the season, I may premise, 
as a standard of comparison, that during the same 
years 56 flowers on legitimate long-styled plants of 
the some ago and grown in the same soil, were fer- 
tilised with their own pollen, and yielded 27 capsules ; 
that is, 48 per cent. * On one of the five illegitimate 
long-style<l plants 56 flowers were self-fertilised in 
the course of the three years, but they did not produce 
a single cajmle. Many of the anthers on this plant 
were contabescent ; but some seemed to contain 
sdund pollen. Nor were the female organs quite 
impotent ; lor I obtained from a Ugitimale cross one 
cajjsule with good seed. On a second illegitimate 
long-styled plant 44 flowers were fertilised daring the 
same yeirrs with their own pollen, but they produced 
only a single capsule. The third and fourth plants 
were in a. very slight degree more productive. The 
fifth and last plant was decidedly more fertile; for 
42 self-fertilised flowers yielded 11 capsules. Alto- 
gether, in the course of the three years, no less than 
160 flowers on these five illegitimate long-styled 
plants were fertilised with their own pollen, but they 
yielded only 22 capsules. Acconling to tlie standard 
above given, they ought to have yielded 80 capsules. 
These 22 capsules contained on an average 15 ’ 1 seeds. 
1 believe, subject to the doubts before specified, that^ 
with legitimate plants the average number from a 
union of this nature would have been above 20 seeds. 
Twenty-foiir flowers on these same five illegitimate 
long-styled plants were legitimately fertilised with 
pollen from the above-described illegitimate short- 
styled plant, and pKxlaced only 9 capsules, which is 
an extremely small number for a legitimate union. 
These 9 capsules, however, contained an average of 38 
apparently good seeds, which is as large a number as 
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legitimate plants sometimes yield. But this high aver- 
age was almost certainly false ; and 1 mention the case 
for the sake of showing the difficulty of arriving at a 
fair result ; for this average mainly depended on two 
capsules containing the extraordinary numbers of 75 
and 56 seeds; these seeds, hov.ever, thoiigli I felt 
bound to count them, were so poor that, judging from 
trials made in other cases, I do not suppose that one 
would have germinated ; and therefore they ought not 
to have been included. Lastly, 20 flowers were legiti- 
mately fertilised with pollen from a legitimate plant, 
and this increased their fertility; for they produced 
10 capsules. Yet this is but a very small proportion 
for a legitimate union. 

There can, therefore, be no doubt that these five 
long-styled plants and tlio one short-styled plant of 
the first illegitimate generation were extrenjely sterile. 
Their sterility was shown, as in the case of hybrids, 
in another way, namely, by their flowering profusely, 
and especially by the long endurance of the flowers. 
For instance, I fertilised many flowers on these ])Innts, 
and fifteen days afterwards (viz. on Alureh 22nd) I 
fertilised numerous long-styled and shoirt-stylod flowers 
on common cowslijis growing close by. These latter 
flowers, on April 8tli, were withered, whilst most of the 
illegitimate flowers remained quite fresh for. several 
'days subsequently ; so that some of these; illegitimate 
plants, after being fertilised, remained in full blfx>m 
for above a month. 

We will now turn to the fertility of the 53 illegiti- 
mate long-styled' grandchildren, descended from the 
long-styled plant which was first fertilised with its 
own iK>llen. The pollen in two of those plants included 
a multitude of small and shrivelled grains. Never- 
theless they were not very sterile ; for 25 flowers, for- 
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tilised with their own pollen, produced 15 capsules, 
containing an average of 16*3 seeds. As already 
stated, the probable average with legitimate plante 
for a union of this nature is rather above 20 seeds. 
These plants were remarkably healthy and®vigorous, 
as long as they weib kept under highly favourable 
conditions in pots in the greenhouse ; and such treat- 
ment greatly increases the fertility of the cowslip. 
Wlien tliesc same plants were planted during the next* 
year (which, however, was an unfavourable one), out 
of* doors in good soil, 20 self-fertilised flowers pro- 
duced only 5 capsules, containing extremely few and 
wretched seeds. 

Four long-styled great-grandchildren were raised 
from the sedf-fiTtilised grandchildren, and were kept 
under the same highly favourable conditions in the 
greenhouse; 10 of their flowers were fertilised with 
own-form pollen and yielded the large proportion of 6 
. capsules, containing on an average 18*7 seeds. From 
these seeds 20 long-styled great-great-grandchildren 
were raised, wliich were likewise kept in the greenhouse. 
Thirty of their flowers were fertilised with their own 
\ pollen and yielded 17 capsules, containing on an aver- 
'age no less than 32, mostly fine seeds. It appears, 
pherefore, that the fertility of these plants of the fourth 
illegithnate generation, as long os they were kept 
under highly favourable conditions, had not decreased, 
but had rather increased. The result, however, was 
widely different when they were planted out of doors 
in good soU, where other cowslips grew vigorously and^ 
were completely fertile ; for these ilfegitimate plants 
now became much dwarfed in stature and extremely 
sterile, notwithstanding that they were exposed to the 
visits of insects, and i^ust have been legitimately fer- 
tilised by the surrounding legitimate plants. A whole 
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row of these plants of the fourth illegitimate genera- 
tion, thus freely exposed and legitimately fertilised, 
produced only 3 capsules, confining on an average 
only 17 seeds. During the ensuing winter almost all 
these plaflts died, and the few survivors were miserably 
unhealthy, whilst the surroundiBig legitimate plants 
were not in the least injured. 

The seeds from tlie great-great-grandchildren were 
sown, and 8 long-styled and 2 short-styled plants of 
the fifth illegitimate generation raised. These wliilst 
still in the greenhouse produced smaller leav(=*s iftid 
shorter flower-stalks than some legitimate plants with 
which they grew in competition ; but it should be ob- 
served that the latter were the product of a cross with 
a fresh stock, — a circumstance w'hich by itself would 
have added much to their vigour.* When those ille- 
gitimate plants w'ere transferred to fairly gof)d soil 
out of doors, they became during the two following 
years much more dwarfed in stature and produced very 
few flower-stems ; and although they must have been 
legitimately fertilised by insects, they yielded cap- 
sules, comjMired with those produced by the surround- 
ing legitimate plants, in tho ratio only of 5 to 100 ! 
It is therefore certain that illegitimate fertilisation, 
conldnued during successive generations, affects tho 
powers of growth and fertility of P. veris to. an extra- 
ordinary degree ; more especially when the plants are 
exposed to«ordinary conditions of life, instead of being 
protected in a greenhouse. 

‘ Efpuil-ifyled red ^tarieiy of P, veri», — Mr. Scott has dcscribod t 
a plant of this kind growing in the Botanic Garden of Edin- 
burgh. He states that it was highly self-fertile, although insects 

• For foil of thin ea- + ‘Pros. Lion. Soc.* voL Tlii. 

perimeni, see my * EfTeots of Ows (lM4), p. 105. 
and fielf-rertiliaation,’ 1876, p. 220. 
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were excluded ; and he explains this fact by showing, iirst, that 
the anthers and stigtna are in close apposition, and that the 
stamens in length, position and size of their pollen-groins 
resemble those of the short-styled form, whilst the pistil re- 
sembles that of the long-styled form both in length and in the 
structure of the stigma. Hence the self-union of this variety is, 
in fact, a legitimate unfcn, and consequently is highly fertile. 
Mr. Scott further states fhat this variety yielded very few seeds 
when fertilised by either the long- or short-styled common 
cowslip, and, again, that both forms of the latter, when fertilise^ 
by the equal-styled variety, likewise produced very few seeds. 
But his exjierinients with the cowslip were few, and my results 
do*not*con<irm his in any uniform manner. 

I raised twenty plants from self-fertilised seed sent me by Mr. 
Scott ; and they all produced red flowers, varying slightly in 
tint. Of these, two were strictly long-styled both in structure 
and in function; fortluiir reproductive powers were tested by 
crosses with hoth forms of tlio common cowslip. Six planto 
were eqmil-stylcd ; but on the same plant the pistil varied a 
good deal in length dunng different seasons. This was likewise 
the ctiRo, according to Mr. Scott, with the parent-plant. Lastly, 
twelve plants wore in appearance short-styled ; but they varied 
much nuirc in the length of their pistils than ordinary short- 
styled cowslips, and they differed widely from the latter in 
their powers of reproduction. Their pistils hiul become short- 
styled in structure, whilst remaining long-styled in function. 
Sliort-styled cowslips, when insects are excluded, are extremely 
barren : for instance, on one occasion six fine plants produced 
only al)Out 60 seeds (that is, less thaii tlie product of two good 
capsules), and on another occasion not a single oapsuie. Now, 
when vhe above twelve apparently short-styled seedlings were ^ 
similarly treated, nearly all produced a great abundance of 
capsules, containing numerous seeds, which germinated re- 
markably well. Moreover three of these plants, which during 
the first year were furnished with quite short pistils, on the 
following year produced pistils of extraordinary length. Th% 
greater numl)or, therefore, of these short-styled plants could not 
be distinguished in function from the equal-styled variety. The 
anthers in the six equal-styled and in the apparently J;welve 
short-styled plants were seated high up in the corolla, as* in the 
true shorlHStyled cowslip; and the pollen-grains resembled 
those of the same form in thdr large size, but were mingled 



236 ILLEGITIMATE OFFSPRING OF Chap. Yr 

with a flew shriyellccl gi'ains. In function this pollen was 
identical with tliat of the short-styled cowslip; for ten long- 
styled flowers of the common cowslip, legitimately fertilised 
with pollen from a true equal-styled variety, produced six cap- 
sules, containing on an average 34*4 seeds; whilst seven cap- 
sules on a*' short-styled cowslip illegitimately fertilised with 
pollen fi*om the equal-styled variety, yiblded an average of only 
14*5 seeds. 

As tlic equal-styled plmits diflfiiT from one another in their 
]X)wers of rei^roduction, and as this is an imY)ortant subject, 
I will give a few details with rosiKict to five of them. Firift, an 
equal-styled plant, protected from insc<‘ts (as was done in all 
the following eases, with one stated cxceidion), R])outaficoitsly 
produced numerous cajisules, five of whicli gjive an average of 
44*8 seeds, with a maximum in one capsule of 57. But six 
capsules, the product of fertilisation with pollen fi*om a sliort- 
styled cowslip (and tlii-s is a legitimate union), gave an average 
of 28*5 seeds, with a maximum of 49 ; and this is a much lower 
average than might have been cx])ecterl Secondly, nine cap- 
sules from another equal-styled plant, wdiieh liad not 1x*en 
protected from insects, but probably was self-fertilised, gave an 
average of 45*2 seeds, with a maximum of 58. Tliii’dly, another 
plan! which had a very short pistil in 1865, ])i*oduecd spon- 
taneously many capsules, six oHvhicli contained an average of 
33*9 seeds, with a maximum of 38. In 1866 tin’s same plant 
had a pistil of wonderful length ; for it projected quite aliovo 
the anthers, and the stigma rescnihled that of the long-styled 
form. In this condition it pro< bleed siiontaiu^ously a vast 
numlier of fine capsules six of which contained almost exactly 
the same average niimlicr a» lajforo, viz. 34*3, wdtli a rmixiimuu 
of 38. Four flowers on this plant, legitimately fertilised with 
pollen from a short-styled cowslip, yielded capsules with an 
average of 30*2 seeds. Fourthly another short-styled plant 
spontaneously produced in 1865 an abundance of capsules, ton 
of which container! an average of 35*6 seeds, with a maximum 
^of 54. In 1866 thi^ siime plant liod become in all respects long- 
styled, and ten capsules gave almost exactly the same average 
as before, viz. 35*1 seeds, with a maximum of 47. Eight 
flowers on this phint, legitimately fertilisod with pollen from 
a short-styled cowslip, produced six ea))sules, with the high 
average of 63 seeds, and the high maximum of 67. Eight 
flowers were also fertilised with pollen from a long-styled cow- 
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slip (this being an illegitimate union), and produced seven 
capsules, containing an avcrogo of 24*4; seeds, with a maximum 
of 32. The hfth and last plant remained in the same condition 
during both years : it had a pistil rather longer tlian that of the 
true short-styled form, with the stigma smooth, as it ought to 
Ix) in this form, but abnormal in shape, like a muAi-elongated 
inverted cone. It prod^iced spontaneously many capsules, five 
of which, in 1865, gave an average of only 16-6 seeds; and in 
1866 ton capsules still gave an average only a little higher, viz. 
of 22 • 1, with a maximum of 30? Sixteen flowers were fertilise^ 
with pollen from a long-styled cowslip, and produced 12 cap- 
sules, with an average of 24*9 seeds, and a maximum of 42. 
Eifelit* flowers were fertilised with iwllon from a short-styled 
cowsli]), but yielded only two capsules, containing 18 and 23 
seeds. Hence this plant, in function and partially in structure, 
>Viis in an almost oxatdly intermediate state between the long- 
styled and short-styled term, but inclining towards the short- 
styled ; and this accounts for the low average of seeds which it 
produced when spontaneously self-fertilised. 

The foregoing five i)lants thus differ much from one another in 
the nsiture of their fertility. In tw'o individuals a great difference 
in the length of the pistiNuring two succeeding years mode no 
difference in the numl)er of seeds produced. As all five plants 
ix>ssc8sed the male organs of the short-styled form in a perfect 
state, and the female orgaTis of the long-styled fonn in a more 
or less complete state, they Bpontaneoiisly])roduced a surprising 
imnilKjr of ciipsules, wliich generally contained a large average 
of remarkably fine seeds. With ordinary cowslips, legitimately 
fertUisvdf I once obtained from plants cultivated in the green- 
house the high average, from seven cai)sules, of 58*7 seeds, with 
a maximum in one cai)snlo of 87 seeds ; but from plants grown 
out of doors I never obtained a higher average than 41 seeds. * 
Now tw’o of the equal-styled plants, grown out of doors and 
spontaneously eelf-fertiUe&iy gave avemgea of 44 and 45 seeds ; 
but this high fertility may perhaps lx> in i)art attributed to the 
stigma receiving ]X)llcn from the surroun<Ung anthers at exactly 
the right Two of these plants, fertilised with pollen 

from a short-styled cowslip (and tliis in fiict is a legitimate 
union), gave a lower averago than when self-fertilised. On the 
other hand, another plant, when similarly fertilised by a cowslip, 
yielded the unusually high average of 63 seeds, with a maximum 
of 67. Lastly, as we have just seen, one of these plants was in 
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an almost exactly intermediate condition in its female organs 
between the long- and short-styled forms, and consequently, 
when self-fertilised, yielded a low average of seed. If Wo add 
together all the experiments which I mode on the equal-styled 
plants, 41 six>ntaneously self-fertilised cai^sules (insects having 
been excluded) gave an average of 34 seeds, which is exactly the 
same numl>er as the parent-plant yielded in Edinburgh. Thirty- 
four flowers, fertilised with x)olleu from the short-styled cowslip 
(and this is an analogous union), produced 17 capsules, contain- 
ing an average of 33-8 seeds. *It is a rather singular circum- 
stance, for which I cannot account, tliat 20 flowers, artificially fer- 
tilised on one occasion with pollen from the same plants yielded 
only ten capsules, containing the low average of 26*7 seeds. 

As Iwaring on inhcritanco, it may Iw added tliat 72 seed- 
lings were luised from one of the red-flowered, strictly equal- 
styled, self-fertiliscfl plants descended from the similarly cha- 
racterised Edinburgh plant. These 72 plants were there- 
fore grandchildren of the Edinburgh plant, aiul they all Ixne, 
as in the first generation, red flowers, with the cxcciition of 
one plant, wliich reverted in colour to the CMjmmon cowslip. 
In regard to structure, nine plants were truly loiig-stylcfl 
and had their stamens seated low dawn in tlie condla in the 
pro])er position; the remaining 03 plants were equal-styled, 
though the stigma in about a dozen of tliem stood a)»litt1o liclow 
the anthers. We thus see that the anomalous combination in the 
same flower, of the mtile and female sexual organs which properly 
exist in tlie two distinct forms, was inlientcd with much force. 
Thirty-six seedlings wore also raised from long ami short-styled 
common cowslips, crossed witli pollen from tlie eqiuil-styled 
variety. Of these plants one alone was eqnal-styled, 20 were 
short-8tylc<l, but with tlie pistil in three of them rather too 
long, and the remaining 15 were long-stylocl. In this case we 
have an illustration of the diflerence l)otween simple inheritance 
and prepotency of transmission ; for the equal-styled variety, 
when selt-fcrtiliscd, transmits its clmractor, as wo have just 
soon, with much force, but "when crossed with the conmion 
Cowslip cannot wiHistand the greater power of tiansmission 
of the latter. 


PlTLMONABIA. 

I have little to say on this genus. I obtained seeds of P. oj?i- 
ciwUis frpm a garden where the long-styled form alone grow. 
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and raised 11 seedlings, which were all long-styled. These 
plants were named for me by Dr, Hooker. They differed, as has 
been shown, from the plants belonging to this species which in 
Germany were experimented on by Hildebrand ;* for he found that 
the long* styled form was absolutely sterile with its own pollen, 
whilst my long-styled seedlings and the parent-plants yielded a 
fair supply of se^ wlnji self-fertilised. Plants of the long- 
styled form of PulmonaPia angustifolia were, like Hildebrand's 
I)lants, absolutely sterile with their own pollen, so that I could 
never procure a single seed. On the other hand, the short; 
styled plants of this species, differently from those of P. <#- 
cuiftUs, wei-e fertile with their own pollen in a quite remarkable 
degree-for a heteTOstyled plant. From seeds carefully self-fer- 
tilisorl 1 raised 18 plants, of which 13 proved short-styled and 
5 long-styled. 

Polygonum fagopyrum. 

From fioAvers on long-styled plants fertilised illegitimately 
with pollen from the same plant, 49 seedlings w^ere raised, and 
those consisted of 45 long-styled and 4 slK>rt-styled. From 
flowers on short-styled jdants illegitimately fciiilised with pollen 
from the same i)laut 33 seedlings w^eve mised, and these con- 
sisted of SiO short-styled and 13 long-styled. So that the usual 
rule of illegitimately fertilised long-styled plants tending much 
more strongly than short-si^ led plants to reproduce their own 
fonn here holds good. The illegitimate plants derived from 
lM)th fonns flowered later than the legitimate, and w^ero to the 
latter in height ns 69 to 100. But os these illegitimate plants 
were descended from parents fertilised with their own pollen, 
w hilst the legitimate plants w’crc descended from parents crossed 
with pollen from a distinct individual, it is impossible to know 
how' nrich of their difference in height and period of flow’oring, ^ 
is duo to the illegitimate birth of the one set, and how much 

the other set being the product of a cross between distinct 
plants. 

(hncluding BemarJes on the IlUgUim^ Offspring 
Heterostyled Trimorphic and Dimorphic Plcmts, 

It is remarkal)le how closely and in how many points 
illegitimate unions between the two or three forms of the 


* • Bot. Zeltung,' 1S65, p. 13. 
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same heterostyled species, together with tl^oir illegiti* 
mate ofifspring, resemble hybrid Unions between distinct 
species together with their hybrid offspring. In both 
cases wo meet with every degree of sterility, from very 
slightly lessened fertility to absolute barrenness, when 
not even a single seed-capsule i^^produced. In both 
cases the facility of effecting the first union is much 
influenced by the conditions to which the plants are 
exposed.* Both with hybrids and illegitimate plants 
the innate degree of sterility is highly variable in 
plants raised from the Siune mother-plant. Iir both 
cases the male organs are more plainly affected than 
the female; and we often find contabescent anthers 
enclosing shrivelled and utterly powerless pollen- 
grains. Tlie more sterile hybrids, as Max Wichiira 
has well 8hown,t are sometimes much dwarfed in 
stature, and have so weak a constitution that they are 
liable to premature death ; and we have seen exactly 
parallel cases with the illegitimate seedlings of Lythrum 
and Primula. Many hybrids are the most persistent 
and profuse flowerers, as are some illegitimate plants. 
When a hybrid is crossed by either pure i>arent-form, 
it is notoriously much more fertile than when crossed 
inter se or by another hybrid ; so when an illegitimate 
plant is fertilised by a legitimate plant, it is more 
fertile than when fertilised mter se or by another ille» 

‘ gitimate plant. When two species are crossed and 
they produce numerous seeds, wo expect os a general 
rule that their hybrid offspring will be moderately 
fertile; but if the parent species produce extremely 
few ‘seeds, wo expect that the hybrids will bo very 

* This been Temarked by ebapiir a strikinjor itlusttniioii in 
many experimetitalists in dfeetiog the caso of Primida 
ctosses between distinct species ; t * Bastardbefruehtung Im 
and in Tegard to iHegitimate Pflansenreich/ 1805, 
unions 1 bave given in ttie tot 
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sterile. But there are marked exeej)tions, as shown 
by Gartner, to these rules. So it is with illegitimate 
unions and illegitimate offspring. Thus the mid- 
styled form of Lyihrum salicaria, when illegitimatory 
fertilised with pollen from the longest ^amens of 
the short-styled forip, produced an unusual number 
of se(^ds; and their Illegitimate offspring were not at 
all, or hardly at all, sterile. On the other hand, the 
illegitimate offspring from the long-styled form, fertf- 
Hsed witli pollen from the shortest stamens of the same 
fofm, -yielded few' seeds, and the illegitimale off'spring 
tlius produced w'ore very storih* ; but they were more 
ste.rile thuii might have been expectcnl relatively to the 
difficulty ef (‘liecting the union of the parent sexual 
elements. No ])oiut is mor(* remarkable in regard to 
th(^ cros.>ing of spoedes tlian their nneijual reciprocity. 
Thus species A will fertilise B with the great(ist ease; 
but B will not fertilise A after hinidrods of trials. \V('. 
have exactly the same case wdth illegitimate unions; 
for the mid-styh^l Lythrum sdlicana w'as easily f(*rti- 
liscd by pollcai from the longest stamens of th(^ short- 
styled form, and yioldtMl many seeds; but the latter 
form <lid not yield a single seed when fertilised by the 
hmgest stameJis of the mid-styled form. 

Anotlu'r imjairtaiit point is prepotency. Gartner 
has si own that when a species is fertilised with pollen 
from another speci(‘s, if it be afterwards fertilised with 
its own polhm, or with that of the same species, this 
is so l)re])ot(‘nt over the foreign pollen that the eflcjet 
of the latter, though placed on the stigma some time 
previously, is entirely destroyed. Exactly the same 
thing occurs with the two forms of a hcterostyled 
specit*8. Thus several long-styled flowers of Primula 
veris wore fertilised illegitimately witli pollen from 
another plant of the same fonu, and twenty-four hours 
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afterwards Icp^itiniately with jiollon from a sliort-stylod 
dark-red polyanthus wJiioh is a variety of P. veris ; 
and the result was that every one of the thirty seed- 
lings thus raised bore llowcrs more or less red, show- 
iiifjf plaiidy how pr(»j)otent the loptiniato i)oIlen from 
a short-styled plant was over tl|p illegitimate |>ollen 
from a long-styled plant. 

111 all thesevcTal foregoing points the paralhdism is 
wonderfully close hetwcH'ii the efteets of illegitimate 
and hybrid fm-tilisatiou. It is hardly an exagg('ratioii 
to assert that seedlings from an ilh‘gitimately h^r- 
tilised hetmostyled jdaut are hybrids formed within 
the limits of one and the same species. This eonelu- 
siou is important, for we thus h^arii that the dilTienlty 
in sexnnlly miiting two organic forms and th(» sterility 
of tludr otlspring, afford no snn' eriterion of so-ealled 
speeilie distinctness. If any one wiTe to c:ross two 
variedies of tin* same form of Lythrnm or Primula for 
the sake of aseertaining wliother tlu'V wen? siM'eitieally 
distinct, and he foiiml that they e<»uld be united only 
with some difficulty, that their offspring wf*ro extremity 
sterile, ami that the ])arents ami their offspring re- 
sembled in a whole s(*ries (ff relations erossed species 
and their hybrid offspring, he might maintain that liis 
varieties had lieen pnived to Is* g«>r>d and true sp(*eies ; 
but he would be eompletely <leceived. In the sccoml 
plaee, as tin* forms of the same triinorphic or dimorphic 
heterostylcd species are obviously i<leiiti(*al in general 
stnicture, with tlie exception of the reproductive 
organs, and as they arc iilontical in general <s>nstitii- 
t on (for they live under jirecisidy the same condi- 
tions), the sterility of their illegitimate unions and 
that of their illegitimate offspring, must depeml cx- 
elnsively on the natiiro of the sexual elements and 
on their iiiconipatibility for uniting in a particular 



Chap. V. 


HETEROSTYLED PLANTS. 


243 


manner. And as we have just seen that distinct species 
when crossed resemble in a whole series of relations the 
forms of the same si)ecies when illegitimately united, 
we ai:e led to conclude tliat the sterility of the former 
must likewise depend exclusively on the inoompatible 
nature of tlicir sexiiaj elements, and not on any general 
dittcronco in constitution or structure. We are, indeed, 
led to this same coiudusion by the impossibility of de- 
tecting any dificrejiccs suflicient to account for certain 
species crossing with the greatest ease, whilst other 
chfs(*ly allied species (laniiot be crossed, or can be crossed 
only uith (‘xtnutio difticnlty. AVe are led to this con- 
clusion still nionj fonubly by considering the great 
<liflerencc which often exists in tlie facility of crossing 
reciprocally the same two sjK‘cies ; for it is manifest in 
this cast' that tlio rt sult must de]>end tui the nature of 
the sexual elements, the male clement of the one 
sjieeies acting freely on the female elmnent of tin* 
other, but not so in a r(*A't‘rsed dirt*etion. And now wt* 
se?ei that tins Siiint' coiudusion is independently and 
strongly fortilietl by tin? consideration of the illegiti- 
matt* unions of trimorphh* anti dimorphic heterostyled 
plants. In so complex and obscure a subject as hybrid- 
ism it is no sligiit gain to arrive at a definite conclu- 
sion, namely, that we must look exedusively to func- 
tional diflerc'iiecs in the st?xual elements, as the cause 
of the sterility of species when first crossetl and ot 
their hybrid offspring. It was this consideration wdiieh 
led me to make the many observations recorded in tliis 
chapter, and which in my opinion make them worthy 
of publication. * 
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CHAPTER yi. 

COVCI.UDIVG RkmAHKS OX IlKTJSnOSTYLEI) PLANTS. 

Tilt* CKsoiitinl rhnr.icttr of li*-teioatyleil pljiiita— Suiiiiniiry of tlio 
iliffeieiKV.** ill lertihfy betxvoi-n Ivgitiimitcly and illi jiritiiiiutcly K>i- 
tiliijt-d pkiiits — PiarnotiT «d* the pollen-grams, si/o of unlhi-rs and 
sfriK'tiirr of stigma in tho dilfon-nt forms — Aflinities of ilid •r»‘ih ni 
which include heteroftt yhd >pecic.'< — Naluri^ of the adviiiitiigea 
derived from hi'toro-^tyli-m — TJic menus hy wliidi phints heeanie 
hL*tero>tylfd — Tran.Nmi5.siori of ft>rm — Etpial -styled \Mrietie.s «>i 
hetero&tyloil plants — Final lenmiks. 


lx tho fon^^oiiig ehaptors all tlio b<!torostyl<nl jihuits 
kncmn to iiio havo hoeu more nr loss fully 
Sovnral othor eases have been indieatod, (‘spiMually hy 
Professor Asa Gray and Knlin,* in nhich tlie indi- 
viihials of tho same stu»oies difler in tin* length of 
their stamens and jnstils; lait as I have been often d(». 
<*eivod by this rharaeter taken alnm*, it seems to me 
tho more prudent course* not to rank any si)e<*ies as 
hotemstyhid, iinles.s \y(‘ liave evidem*(* of lunn^ impor- 
tant <litrer(;nee.s htdueen the forms, as in the diameter 
of the pollen-grain.s, or in tin' strnetiire of tho stigma. 
Tlie indivhluals of many ordinary hermaphrodite plants 
habitmilly fertilise one another, ow ing to their male 
and female organs bedng mature at diftbreiit periods, 
or to tho struetnro of tho jiarts, or to self-sterility, &e. ; 
'and so it is with many hermaphrodite animals, for 
ijiHtaiiee, lund-snuils or earth-worms ; but in all thesf^ 
<*ases any oni.‘ individual can fully fortiJi.se or be ferti- 


* Afca Gray, * American Jnurn. idbfwherc ii« already rcfcm*d 

of Science,’ ISOo, p. 101 ; und Kuhn, ‘ Bot. Zeilutig,’ 1067, p. 67. 



Chap. VI. 


ON IIETEROSTYLED PLANTS. 


245 


Used by any other individual of the same species. This 
is not so with licterostyled plants : a long-styled, mid- 
stylcd or short-styled plant cannot fully fertilise or 
be fertilised by any other individual, but only by 
one belonging to another form. Tims tRe essen- 
tial character of plants belonging to the heterostyled 
class is tliat the individuals arc divided into two or 
thr(*e bodies, like the males and females of dioecious 
l)lants or of the liighcr animals, which exist in approxi- 
mately (upial numbers and are adapted for recij^rocal 
fertilisation. The existence, therefore, of two or three 
bodies of individuals, differing from one another in the 
alJ0^'<3 more important characteristics, offers by itself 
good evidence tliat the species is heterostyled. But 
absolutely conclusive evidence can bo derived only 
from experiimmts, and by finding that pollen must bo 
aj^idied from the one form to the other in order to 
(‘iisure complete fertility. 

In order to show how' inueli more fertile each form 
is wh<m legitimately fertilised with pollen from the 
other form (or in tin? cas(' of trimorphic species, witli 
the jiroptT pollen from one of tin) two other forms) 
than when ilh'gitimately fertilised with its own-form 
j)ollen, 1 will append a Table (f>3) giving a summary 
of the results in all the cases hitherto ascertained. 
The fertility of the unions may be judged by two 
standards, namely, by the proportion of flowers which, 
when fertilised in the tw'o methods, yield capsules, and 
by the average number of seeds per capsule. When 
there is a dash in the left-hand column opposite 
the name of the spt^cics, the proportion of the flowers 
which yielded capsules was not recorded. 

Tlio two or three forms of the same heterostyled 
spe(*ies do not differ from one another in general habit 
or foliage, as sometimes, though rarely, happens with 
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Table 33. 

Fertility of the Leyitininte Unionn taken together^ compared with 
that of the JUeyitimafe Unions together. 'Ihe fertility of the 
Legitimate Unions^as Judged by both siandardSf is taken as 100. 


! 


Name of Siiccics. 


Primula veris 

P f^latior 

P. vult'an'» 

P. Sinensis 

P. .Siui-usis (^ec^•nd trial) 

P. Sinuusi’^ (HiMrbr.iQ<l) 

P. (.Siott) ........ 

P. Slkkum•D^l«< „ . . ^ 

P. cortusoidos 

P. ini'olurr.ita 

1*. ftirinoxi 

Avurai'f* of the nine sjiH ir* of Primula . 

Hottunisi p.ilufrti*]'* (If. Miillor) 

Liuuin £;r.in<litioi uii) (tin* ililfuri^DLO probably^ 

is much greater) ) 

L. percime 

L. percnne (Ifildebraiul) ...... 

Pulmonaria vtlicioalii (Oermnii stock, IfiMe-1 

brand) / 

Piilinou.iria an£;ustifoli.i ...... i 

Mitdieibi repotis. . 

B<jrreriu, Braisnian sp 

Polyguoum f.igo]iyrurn 

Lythruiri ^jaliraria . . 

Ozalia Vabliri.iiia (HiMebrnnil) 

0. Ucgntdli „ I 

0. a|>ecio«a j 


I JUegittinAte Uniona. 


. Proport itmnl 
NiiiiiIht of 
' Flowers 
'wliich pro. 
(tueoit 

A>orago 
Numljff of 
Sei^lh por 
Ctipsule. 

tIO 

1 

d5 

27 

75 

(hi 

.‘>4 

84 

05 

0 

5,f 

IdO 

42 

SO 

15 

i»r» 

.51 

74 

Of) 

72 

48 

71 

44 

88*4 

i>0 

— , 

01 

— 

69 



20 

e 

U 

0 

0 

55 

32 

20 

47 


0 

— 

40 

3.5 

40 

3 

34 

0 

0 

15 

49 


•-the two sexes ofcditceioiis plants. Nor does tlte ealyx 
differ, but the corolla sometimes differs slightly in shape, 
owing to the different position of the anthers. In Bor- 
reria the hairs within the tulie of the (wolla ar(3 differ- 
ently .sitmited in the long-styled and short-styled forms. 
In Pulinonaria there is a slight difference in the size of 
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the corolla, and in Pontedoria in its colour. In the re- 
productive organs the differences arc much greater and 
iu(jre imi)ortant. In the one form the stamens may he 
all of the same length, and in the other graduated in 
lengtli, or alternately longer and shorter. • The fila- 
iiKiiits may differ 1^ colour and tliickncss, and are 
sometimes’iiearly thrice as long in the one form as in the 
other. IMuiy adhere also for very different proportional 
longtlis to tlie corolla. The antlicrs sometimes differ 
much in size in tlie two forms. Owing to the rotation 
of th^ lilanujnts, the anthers, when mature, dehisce to- 
wards the cinuiinfercnco of the flower in one form of 
Faramca, and t« >\\ ards the centre in the other form. The 
pollm-grains sometimes differ conspicuously in colour, 
and often ti* an (‘xtraord inary degree in diameter. 
They dillei* also soimuvhat in shape, and apparently in 
their contents, as tliey are uuexiually opacpie. In the 
short-styled huui of Faramea the pollen-grains are 
c.ovcrcil with sliar}> points, so as to cohere readily to- 
gether or to an insect; whilst the smaller grains of the 
long-sfvled form are quite smooth. 

Witli r<\sj)ect to tlio pistil, the stylo may be almost 
thiiiM* as long in the one form as in the other. In 
Oxalis it sometimes differs in hairiness in the three 
forms. In Linnm the pistils either diverge and pass 
out hetwecui the filaments, or stand nearly upright and^ 
jMiralhd to them. The stigmas iii the two forms often 
(lifffT much in size and shape, and more especially in * 
the length and thickness of their papillm; so that 
the Hurfiuie may be rough or quite smooth. Owipg ^ 
the rotation of the styles, the papillose surface of 
the stigma is turned outwards in one form of Limm 
perenne, and inwards in the other form. In flowers of 
the same age of Primula verts the ovules are larger in 
the long-styled than in the short-styled form. The 



248 


CONCLUDING KEMABKS 


Chap. VL 


seeds produced by the two or three forms often differ 
in number, and sometimes in size and weight; thus, 
five seeds from the long-styled form of Lythrum stdi- 
carta equal in weight six from the mid-styled and 
seven from the short-styled form. Lastly, short-styled 
plants of Pulmonaria officinalis bear a larger number 
of flowers, and these set a larger ^proportional number 
of fruit, which however yield a lower average number 
of seed, than the long-styled plants. With hetero- 
styled plants we thus see in how many and in what 
important characters the forms of the same undoubted 
sjiecies often differ from one another — charatjters which 
with ordinary plants would be amply sufficient to dis- 
tinguish species of the same genus. 

As the pollen-grains of ordinary species belonging 
to the same genus generally resemble one another 
closely in all respects, it is worth while to show, in the 
following table (34), the difference in diameter Ini- 
tween the grains from the two or three fonns of the 
same heterostyled species in the forty-three cases in 
which this wtis ascertained. But it should be observed 
that some of the following measurements are only 
ap23roximately accurate, as only a few grains wore 
measured. In several cases, also, the grains liad ls?en 
dried and were then soaked in water. Whenever they 
were of an elongated shape their longer dianieters 
^were measured. The grains from the short-styled 
plants are invariably larger than those from tho long- 
styled, whenever there is any difference between them. 
The diameter of the former is represented in the table 
iJy the number 100. 

We here see that, with seven or eight exceptions 
out of the forty-three cases, tho pollen-grains from one 
form are larger than those from the other form of the 
same si)ecies. The extreme difference is os 100 to 55 ; 
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Table 34 . 


Rdative Diameter of the PoHen-grains from the forme of the same 
Ileterostyled Species ; those from the short-sfyled form heing 
rejjTcsented by 100. 

Dimorphic Species, 


From 

siyliHl form 

Primulji voris , , , 67 

„ vulg.iris . , ,71 

„ Sinensis(Flil(lebran(l) 57 
„ auricula . . .71 

Ho{toniapnlustri!»(H. Muller) 61 
„ • „ (belt) . 64 

Litiuin grandifloruin . . 100 


„ pc>i’eniic(diametor va- 1 
riable). . , .j 

[l00(?) 

flaviim .... 

100 

I’ulinonam ollicinalis . 

78 

„ angu^tiiolia . 

91 

I’olygoniiiii fagopyniiii. 

82 

Letictf'Ainia Rurnuttiaua 

99 

.Kgilihila eluta .... 

62 

Mciiyaiithcs trifoliata . 

84 

Limnaiitheniuiu liidicum . 

100 

Villarsia (sp./) , . . , 

75 

Furs\thu sUbpensa . 

94 


From tbe Long- 
sty led form. 

Cordia (sp. ?) • . • . 100 

Gilia pulchella . • • , 100 

,, niicrantha . . . , 81 

Sethia auuminata ... 83 

firythroxylum (sp. ?) , , 93 

CratoxyloQ ibrmosum . . 86 

Mitche'lla repens, pollen- 
grains of the long-styled 
a little smaller. 

Borrcria (sp. ?)..«. 92 

Faramea (sp. ?) , . . .67 

Suteria (sp.?) (Fritz MUller) 75 
Iloustonia ca'rulea ... 72 

Oldcnlandia (sp. ?) . . .78 

Hedyotis (^p. ?) . . , .88 

Coi'oocvpselum (sp.?) (F.\ 
Muller) . . . . / 

Lipostoma (sp. ?) , , , 80 

Cinchona inicrantha . . 91 


Trimorphic Spicks, 


Ratio oxx>reiwlnR the extreme differences 
111 diameter of the pullen-grains from the 
two sets of anOiers in th three lorms. 

Lythrum .saltcaiia . ... 60 

Nosma vertioillata . . . . 65 . 

Oxa 1 IS V 1 hi iviana (Hildebrand) 7 1 

„ Regnelli 78 ' 

„ speciosa 69 

„ Kcnsitiva .... ^84 j 
PoDtedari.i (sp. ?) . , . . *55 : 


R.atio between the diameters of the pollen- 
grains of the two seta of anthers in the 
iianie'form 

Ozalis rosea, long-styled form) 
(Hildebrand). . 

„ compressa, short-styled i 
form . , ^ 

Poutederia (sp.?) si 
form . 

„ other sp., 
form. 



and Ave should beat in mind that* in the case of 
spheres differing to this degree in diameter, their 
contents differ in the ratio of six to one. With all 
the species in which the grains differ in diameter, 
there is no exception to the rule that those fi»m tho 



250 CONCLUDING REMARKS Chap. VI. 

anthers of the short-styled fonn, the tubes of which 
have to penetrate the longer pistil of the long-styled 
form, are larger than the grains from the other form. 
This curious relation led Delpino* (as it formerly did 
me) to bfelieve that the larger size of the grains in 
the short-styled flowers is connef»ted with the greater 
supply of matter needed for the 'devek)pment of their 
longer tubes. But the case of Liniim, in wliich 
the grains of the two forms are of equal size, whilst 
the pistil of the one is about twice as long as that 
of the other, made me from the first feel ' very 
doubtful with respect to this view. My doubts have 
since been strengthened by the cases of Linmanthe- 
mum and Coccocypselum, in wliich the grains are of 
equal size in the two forms; whilst in the former 
genus the pistil is nearly thrice and in the latter 
tw’ice as long as in the other form. In those spf^cies 
in which the grains arc of unequal size in the two 
forms, there is no close relationship between the de- 
gree of their inequality -and that of their pistils. 
Thus in Pulmonaria officindlta and in Erythroxy- 
luiu the pistil ifi the long-styled form is about 
twice the length of that in the other form, whilst in 
the former species the }K)llen-grains are as 100 to 
78, and in the latter as 100 to 93 in diameter. In 
the two forms of Sutcria the pistil differs but little 
in length, whilst the pollen - grains are as 100 to 
75 in diameter. These eases* seem to prove that the 
difference in size lietweon the grains in the two 
fonm is not determined by the length of the pistil, 
down which the tubes have to grow. That with 
plants in general there is no close relationship between 


* *Suir opera, la Distribuzione dei Sessi nelle PioQte,*dw., 1867, 
p. 17. 
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the size of the pollen-grains and the length of the 
pistil is manifest : for instance^ I found that the dis- 
tended grains of Datura ariorea were *00243 of an 
inch in diameter, and the pistil no less than 9*25 
inches in length ; now the pistil in the sm&ll flowers 
of Polygonum fagopiji^um is very short, yet the larger 
pollen-grains from the short styled plants had exactly 
the same diameter as those from the Datura, with its 
enormously elongated pistil. 

^Notwithstanding these several considerations, it is 
diflicult quite to give up the belief that the pollen-grains 
from the longer stamens of heterostyled plants have 
become larger in order to allow of the development of 
longer tubes ; and the foregoing opposing facts may 
possibly bo reconcihid in the following manner. The 
tubes are at first developed from matter contained 
within the grains, for they arc sometimes exserted 
to a considerable length, before the grains have 
touched the stigma ; but botanists believe that they 
afterwards draw nourishuient from the conducting 
tissue of th(5 pistil. It is hardly possible to doubt 
that this must occur in such cases as that of the Da- 
tura, in wliich 'the tubes have to grow down the whole 
length of the pistil, and therefore to a length equal- 
ling 3,806 times the diameter of the grains (namely, 
•00243 of an inch) from which they are protruded,^ 
I may here remark that I have seen the pollen-'graius 
of a willow, immersed in a very weak solution of honey, 
protrude their tubes, in the course of twelve hours, to 
a length thirteen times as great as the diameter of tl^ 
grains. Now if we suppose that the tubes in some 
heterostyled species are developed wholly or almost 
wholly from matter contained within the grains, while 
in other species from matter yielded by the pistil, we 
can see that in the former case it would be necessary 
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that the grains of the two forms should differ in size 
relatively to the length of the pistil which the tubes 
have to penetrate, but that in the latter case it would 
not be necessary that the grains should tlius differ. 
Whether this explanation can be considered satisfac- 
tory must remain at present doul^ful. 

There is another remarkable difference betwerm the 
forms of several heterostyled species, namely in the 
anthers of the sliort-style<l flowers, which contain the 
larger pollen-grains, being longer than those of the 
long-styled flowers. Tliis is the case with Hottonia 
pcdiistris in the ratio of 100 to 83. With Limnan^ 
themum Indicum the ratio is as 100 to 70. With the 
allied Menyanthes the anthers of the short-style*d form 
are a little and with Villarsia conspicuously larger 
than those of the long-styled. With Pulmomria 
angustifolia they vary much in size, but from an 
average of seven measurements of each kind the ratio 
is as 100 to 91. In six genera of the Uul^iacete there 
is a similar difference, either slightly or well marked. 
Lastly, in the trimorphic Pontederia the ratio is 100 
to 88 ; the anthers from the longest stamens in the 
short-styled form being compared with those from the 
shortest stamens in the long-styled form. On the 
other hand, there is a similar and well-marked differ- 
ence in the length of the stamens in the two iorms 
of Fofsythia mapensa and of Ldnum flavum; but in 
these two cases the anthers of *the short-stylcnl flowers 
are shorter than those of the long-styled. The rela- 
tive size of the anthers was not particularly attended 
to in the two forms of the other hetimistyled plants, 
but 1 believe that they are generally' equal, as is 
certainly the case with those of the common jirimrose 
and cowslip. 

The pistil differs in length in the two forms of every 
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heterostyled plant, and although a similar difference 
is very general with the stamens, yet in the two 
ferins of Linum grandijlorum and of Cordia they are 
<Hiual. There can hardly be a doubt that the rela- 
tive length of these organs is an adaptation for the 
safe transportal by insects of the pollen from the one 
form to the other. ^The exceptional cases in which 
these organs do not stand exactly on a level in the two 
forms may prolmbly be explained by the manner in 
whieJi the flowers are visited. With most of the 
sifecirs, if tlicre is any difference in the size of the 
stigma in the two forms, that of the long-styled, what- 
(!ver its shape may be, is larger than that of the short- 
.styled. But here again there are some exceptions to 
tlie rule, for in thc^ short-styled form of Leueosmia 
Bnrnfittiana the stigmas are longer and much narrower 
tluiii those of th(‘ long-styled ; the ratio between the 
lengths of the stigmas in the two forms being 100 to 60. 
In the three itubiaceous genera, Farainca, Iloustonia 
and Oldenlandia, tlw3 stigmas of the short-styled form 
arc likewise somewhat longer and narrower; and in 
the thro(^ forms of Oxalia sensitiva the difference is 
strongly marked, for if the length of the two stigmas 
of tlie long-styled pistil be taken as 100, it will be 
represented in the mid- and short-styled forms by 
the numl^ers 141 and 164. As in all these cases the 
stigmas of tlio short-styled pistil are seated low down * 
within a more or less ^tubular corolla, it is probable 
that they arc better fitted by being long and narrow 
for brushing the pollen off the inserted proboscis of 
an insect. * ^ 

With many heterostyled plants the stigma differs 
in roughness in the two forms, and when this is the 
case there is no known exception to the rule that the 
papilhc on the stigma of tho long-styled form are longer 
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and often thicker than those on that of the short- 
styled, For instance, the papillte on the long-styled 
stigma of Hottonia palmiris are more than twice the 
length of those in the other form. This holds good 
even in tj;ie case of Homtonia coeruleay in which the 
stigmas are much shorter and stouter in the long- 
styled than in the short-styled ^orm, for the papilhe 
on the former compared with those on the latter are 
as 100 to 58 ill length. The length of the pistil 
in the long-styled form of Linum grandiflorum varies 
much, and the stigmatic papilhe vary in a corre- 
sponding manner. From this fact I inferred at first 
that in all cases the difference in length between the 
stigmatic papilhe in the two forms was one merely of 
correlated growth ; but this can hardly be the true or 
general explanation, as the shorter stigmas of the 
long-styled form of Houstonia have the longer pai»ilbe. 
It is a more probable view that the papilhe, Avhioh 
render the stigma of the long-styled form of various 
species rough, serve to entangle effectually the large- 
sized pollen-grains brought by insects from the short- 
styled form, thus ensuring its legitimate fertilisation. 
This view is supported by the fact that the pollen- 
grains from the two forms of eight species in Table 
84 hardly differ in diameter, and the papilhe on their 
stigmas do not differ in length. 

« 

The species which are at , present positively or 
almost ^itively known to be heterostyled belong, as 
shown in the following table, to 38 genera, widely di»> 
tHbuted throughout the world. These genera are 
included in fourteen Families, most of which are very 
distinct from one another, for they belong to nine of 
the several great Series, into which phanerogamic 
plants have been divided by Bentham and Hooker. 
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List of Oemra induding MeUrostyldl Species, 


Dicotyledons. 

1 Dicotyledons. 

Cratoxylon. 

Hypericineae. 

Mitchella. 

Bubiaceie. 

Erythl-oxylum. 

Erythroxylesc. 

Diodia. 

m ” 

Sethia. 

fy 

Borreria, 

w 

J9 

Liuuin. 

Gcrauiaceac. 

SpermacocQ. 

»» 

Oxalis. 

» 4 

Primula. 

Primulacese. 

Lytlirum. 

Lythraceic. 

Hottonia. 


iCesa^a. 


Androsace. 


Cinchona. 

Rubiacca'. 

Forsythia. 

Oleacese. 

Bnuvardin. 


Menyanthes. 

Gentianaceas. 

Manet tia. 

yy 

Lininaothenium. 

yy 

^udyotis. 

Ohlcnlamlia. 

j» 

Villarbia. 

>y 


Gilia. 

Polemoniaceac 

Housitonia. 


Cordia. 

Oordieae. 

CoccocypNclum. 

1* 1 

I’ulmonaria. 

Boragincie. 

Lipostuina. 

» ' 

ACgiphila. 

Verbenaceae. 

Knoxia. 

1 

PttTygonum. 

Polygoueaj. 

Faramca. 

M 1 

Thymelea. 

Thymeleie. 

Pxychotria. * 
Uudgea. 

; ! 

Monocotyledons. 

Sutcria. 

1 

Poutederia. 

Pontederiacese 


III some of these families the heterostyled condition 
must have hecn acquired at a very remote period. 
Thus the three closely allied genera; Menyanthes, 
Limnanthemum, and Yillarsia, inhabit respectively 
Europe, India, and South America. Heterostyled 
sjiecics of Hedyotis are found in the temperate regions 
of North and the tropical regions of South America. 
Trimorphic species of Oxalis live on both sides of 
the Cordillera in South America and at the Cape of 
Good Hope. In these and some other cases it is not 
probable tliat each species .acquired its heterostyled 
structure independently of its close allies. If they 
did not do so, the three closely connected genera of 
the Menyanthejn and the several trinlbrphic species ot 
Oxalis must have inherited their structure &om a 
common progenitor. * But an immense lapse of time 
will have been necessary in all such .cases tor the 
mnditfftd descendants of a common progenitor to have 
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spread from a single centre to such widely remote and 
separated areas. The family of the Bubiaceae contains 
not far short of as many heterostyled genera as all 
the other thirteen families together; and hereafter 
no doub^ other Eubiaceous genera will be found to 
be heterostyled, although a large majority are homo- 
styled. Several closely allied genera in this family 
probably owe their heterostyled structure to descent 
in common ; but as the genera thus characterised are 
distributed in no less than eight of the tribes into 
which this family has been divided by Bentham a'nd 
Hooker, it is almost certain that several of them 
must have become heterostyled independently of 
one another. What there is in the constitution or 
stmeture of the members of this family which favours 
their becoming heterostyled, I cannot conjecture. 
Some families of considerable size, such as the Bo- 
ragineae and Verbenaceic, include, as far as is at 
present known, only a single heterostyled genus. 
Polygonum also is the sole heterostyled genus in its 
family ; and though it is a very large genus, no other 
species except is thus characterised. We 

may suspect that it has become heterostyled within 
a comparatively recent period, as it seems to be less 
strongly so in function than the species in any other 
genus, for both forms are capable of yielding a con- 
siderable number of sj)ontaneously self-fertilised seeds. 
Polygonum in possessing only a single heterostyled 
species* is an extreme case ; but every other genus of 
considerable size which includes some such species 
likewise contaiifS homostyled species. Lythrum in- 
cludes trimorphic, dimorphic, and homostyled species, 
Trees, bushes, and herbaceous plants, both large 
and small, bearing single flowers or flowers in dense 
spikes or heads, have been rendered heterostyled. 
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So haTO plants which inhabit alpine and lowland sites, 
dry land, marshes and water.* 

When I first began to ezperimentise on hetero- 
styled plants it was under the impression that they 
were tending to become dioecious ; bat I was goon forced 
to relinquish this notion, as the loBg-styled plants of 
Primula which, froia jibssessing a longer pistil, larger 
stigma, shorter stamens with smaller pollen-grains, 
seemed to be the more feminine of the two fofms, 
yielded fewer seeds than the short-styled plants which 
appeared to be in the above respects the more mascu- 
line of the two. Moreover, trimorphic plants evidently 
come under the same category with dimorphic, and 
the former cannot be looked at as tending to become 
dioecious. With Lythrum ialiearia, however, we have 
the curious and unique case of the mid-styled form 
being more feminine or less masculine in nature than 
the other two forms. This is shown by the large 


^ Out of the 38 genera known 
to inoludo hettrostyled spociea^ 
about eight, or 21 per cent , ore 
more or less aquatic in thcir 
habits. I waa at first struck with 
this fact, for I was not then nwaio 
how large a proportion of or> 
dinary plants inhabit such sta- 
tions Hoterostyled plants may 
besaid in one sense to have their 
sexes separated, as the forms must 
' mutually fertilise one another. 
Therefore it seemed worth wlple 
to a^rtain what proportion of 
fte genera in the Linnean classes, 
Monoeoia, 0ioeola ond Poly- 
gan^ contained species whiw 
tiYe'**in water, marshes, bogs or 
watery plaoea" In 8ir,W« J.. 
Hookas « British Flora* (ikth 
edit 188S) these three Linnean 
Claeses include 40 genera, 17 of 


which (i e. 48 i>er cent ) oontalu 
species inhabiting the just-speci- 
fied stations. So that 48 percent, 
of those British plants ahich 
have their sexes separated are 
more or less aquatic in their 
habits, whereas only 21 per cent, 
of heterostyled plants have sudi 
habits. 1 may •add that tlie her- 
maphrodite chines, firom Monan- 
dria to Gynandria iuoluswe^ oon- 
iain 447 genenu of which 118 are 
uatic in theaoove smse, or only 
per cent. It thus sfepean, as 
far as can bo judged nom s^ 
imperfect data, that thme is some 
ooniisotion between the sepanitioA 
of the sexes in pUnts and the 
watery nature of the sitee whkh 
they inhabit ; bat that thia dose 
not hold good with heteiosfyled 
qpee fa s. 
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number of seeds which it yields in whateyer manner 
it may be fertilised, and by its pollen (the grains of 
which are of smaller size than those from the corre- 
sponding stamens in the other two forms) when 
applied tq the stigma of any form producing fewer 
seeds than the normal number. If we suppose the 
process of deterioration of the mak) organs in the mid- 
styled foian to continue, the final result would be the 
production of a female plant ; and Lythrum scMearia 
would then consist of two heterostyled hermaphrodites* 
and a female. No such case is known to exist, but it 
is a possible one, as hermaphrodite and female forms 
of the same species are by no means rare. Although 
there is no reason to believe that heterostyled plants 
are regularly becoming dioecious, yet they offer sin- 
gular facilities, as will hereafter be shown, for such 
conversion ; and this appears occasionally to have been 
effected. 

We may feel sure that plants have been rendered 
heterostyled to ensure cross-fertilisation, for we now 
know that a cross between the distinct individuals of 
the same species is highly important for the vigour and 
fertility of the offspring. The same end is gained by 
dichogamy or the maturation of the reproductive ele- 
ments of the same flower at different periods, — by 
dioeciousness — self-sterility — the prepotency of pollen 
from another individual over a plant’s own pollen, — and 
lastly, by the structure of the flower in relation to the 
visits of insects. The wonderful diversity of the means 
for gaining the same end in this case, and in many 
others, depends *on the nature of all the previous 
changes through which the species has passed, and on 
the more or less complete inheritance of the successive 
adaptations of each part to the surrounding conditions. 
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Plants which are already well adapted by the structure 
of their flowers for cross-fertiiisauon by the aid of 
insects often possess an irregular corolla, which has 
been modelled in relation to their visits ; and it would 
have been of little or no use to such plaijts to have 
become heterostyled. We can thus understand why 
it is that not a single species is heterostyled in such 
great families as the Leguminosse, Labiatm, Scrophu- 
lariacese, Orchidese, &c., all of which have irregular 
flowers. Every known heterostyled plant, however, 
depends on insects for its fertilisation, and not on the 
wind ; so that it is a rather surprising fact that only 
one genus, Fontederia, has a plainly irregular corolla. 

Why some species are adapted for cross-fertilisation, 
whilst others within the same genus are not so, or 
if they once were, have since lost such adaptation 
and in consequence are now usually self-fertilised, I 
have endeavoured else^ere to explain to a certain 
limited extent.* If it be further asked why some 
species have been adapted for this end by being made 
heterostyled, rather than by any of the above specified 
means, the answer probably lies in the manner in 
which heterostylism originated, — a subject immedi- 
ately to be discussed. Heterostyled species, however, 
have an advantage over dichogamous species, as all 
the flowers on the same heterostyled plant belong to 
the same form, so that when fertilised legitimately by * 
insects two distinct individuals are sure to intercross. 
On the other hand, with dichogamous plants, *eaily or 
late flowers on the same individual may intercross; 
and a cross of this kind does hardljfany or no good. 
Whenever it is profitable to a q)ecies to produce a 

* ‘The Bibcts of Onuand Self-feitOisatioii,’ ISTS, p. 44L 

B 2 
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lai^ number of seeds and this obviously is a very 
common case, beteiostyled will hare an advantage 
over dioecious plants, as all the individuals of the 
former, whilst only half of the latter, that is the 
females, yield seeds. On the other hand, hetero* 
styled plants seem to have no advantage, as far as 
cross-fertilisation is concerned, over those which are 
sterile with their own pollen. They lie indeed under 
a slight disadvantage, for if two self-sterile plants 
grow near together and far removed from all other 
plants of the same species, they will mutually* aitd 
perfectly fertilise one another, whibt this will not be 
the case with heterostyled dimorphic plants, unless 
they chance to belong to opposite forms. 

It may be added that species which are trimorphic 
have one slight advantage over the dimorphic ; for if 
only two in^viduals of a dimorphic species happen 
to grow near together in an isolated spot, the chances 
are even that both will belong to the same form, and 
in this case they will not produce the full number of 
vigorous and fertile seedlings; all these, moreover, 
will tend strongly to belong to the same form as their 
parents. On the other hand, if two plants of the same 
trimorphic species happen to grow in an isolated spot, 
the chances are two to one in favour of their not be- 
longing to the same form ; and in this case they will 
legitimately fertilise one another, and yield the Ml 

complement of vigorous ofisprlng. 

* 

t ThsMeanBhyvhuAPlanU may have been rendered 
Eetero^yUd. 

« 

This is a very obscure subject, on which I can throw 
little light, but which is worthy of discussion. It has 
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been shown that heterostyled plants occur in fourteen 
natural families, dispersed throughout the whole vege- 
table kingdom, and that even within the family of &e 
Bubiacese they are dispersed in eight of the tribes. We 
may therefore conclude that this structure has been 
acquired by various ^plants independently of inheritance 
from a common progenitor, and that it can be acquired 
without any great difficulty — ^that is, without any very 
unusual combination of circumstances. 

« ^t is probable that the first step towards a species 
becoming heterostyled is great variability in the length 
of the pistil and stamens, or of the pistil alone. Such 
variations are not very rare : with Aimintihia gp&^dbiUs 
and NoUma protlrata these organs difEer so much in 
length in different individuals that, until experiment* 
ing on them, I thought both species heterostyled. 
The stigma of Oemetia pendvUna sometimes protrudes 
far beyond, and is sometimes seated beneath the 
anthers; so it is with Oxalia aedosdla and various 
other plants. I have also noticed an extraordinary 
amount of difference in the length of the pistil in cul- 
tivated varieties of Primula verts and vulgaris. 

As most plants are at least occasionally cross-fer- 
tilised by the aid of insects, we may assume that this 
was the case with our supposed varying plant; but 
that it would have been beneficial to it to hsTO beem 
more regularly cross-fertilised. We should bear in 
mind how important an' advantage it has been 
proved to be to many plants, though in different 
degrees and ways, to be cross-fertilised. It might 
well happen that our supposed species did not vary 
in ffmction in the right manner, so as to become 
either dichogamous or oom,pletely self-sterile, or in 
structure so as to ensure <no88-fertilisation. If it had 
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thus varied, it would never have b^n rendered heteio- 
styled, as this state would then have been superfluous. 
But the parent-species of our several existing hetero- 
styled plants may have been, and probably were (judg- 
ing fl?om their present constitution) in some degree 
self-sterile ; and this would have piade regular cross- 
fertilisation still more desirable. 

Now let us take a highly varying species with most 
or all of the anthers exserted in some individuals, and 
in others seated low down in the corolla ; with ^th^ 
stigma also varying in position in like manner. Insects 
which visited such flowers would have diflerent parts 
of their bodies dusted with pollen, and it would be a 
mere chance whether this were left on the stigma of 
the next flower which was visited. If all the anthers 
could have been placed on the same level in all the 
plants, then abundant pollen would have adhered to 
the same part of the b^y of the insects which fre- 
quented the flowers, and would afterwards, have been 
deposited without loss on the stigma, if it likewise 
stood on the same unvarying level in all the flowers. 
But as the stamens and pistils are supposed to have 
already varied much in length and to be still varying, 
it might well happen that they could be reduced much 
more easily through natural selection into two sets of 
^ifibreut lengths in different individuals, than, all to 
the same length and level in all the individuals. We 
know &«m innumemble instanhes, in -which the two 
sexes and the young of the same species differ, that 
there is no difficulty in two or more sets of individuals 
being formed which inherit different ohacacteiB. In 
our particular case the law of compensation or balance- 
meat (which is admitted by many botanists) would 
tend to cause the pistil to be reduced in those indi« 
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viduals in which the stamens were greatly developed, 
and to be increased in length in those which had their 
stamens but little developed. . 

Nqw if in our varying species the longer stamens 
were to be nearly equalised in length in a cdnsiderable 
body of individuals, with the pistil more or less reduced ; 
and in another body, the shorter stamens to be simi- 
larly equalised, with the pistil more or less increased ,in 
length, cross-fertilisation would be secured with little 
Ipss, of pollen ; and this change would be so highly 
beneficial to the species, that there is no difficulty in be- 
lieving that it could be effected through natural selec- 
tion. Our plant would then make a close approach in 
structure to a heterostyled dimorphic species ; or to a 
trimorphic species, if the stamens were reduced to two 
lengths in the same flower in correspondence with that 
of the pistils in the other two forms. But we have not 
as yet even touched on the chief difficulty in under- 
standing hpw heterostyled species could have origi- 
nated. A completely self-sterile plant or a dicho- 
gamous one can fertilise and be fertilised by any 
other individual of the same species; whereas the 
essential character of a heterostyled plant is that an 
individual of one form cannot' fully fertilise or be fer- 
tilised by an individual of the same form, but only 
by one belonging to another form. ^ . 

H. Muller has suggested * that ordinary or homo- 
styled plants imay have been«rendered heterostyled 
merely through the effects of habit. Whenever pollen 
from one set of anthers is habitually applied to a pistil 
of particular length in a varying species, he believes 
that at last the possibility of fertilisation in any other 


* * Die Beftoobtung dw Blnmen,’ p. 802. 
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manneir will be nearly or oomplietely lost. He was 
led to this view by observing that Diptera frequently 
carried pollen from the lung-styled flower<> of Hottonia 
to the stigma of the same form, and that this ille- 
gitimatb ifoion was not nearly so sterile as the corre- 
sponding union in other heterosjyled species. But 
this conclusion is directly opposed by some other 
oases, for instance by that of Limm gmndijlorum ; 
for here the long-styled form is utterly barren with 
its .own-form .pollen, although ^m the position 
' of the anthers this pollen is invariably applied to 
the stigma. It is obvious that with heterostyled 
dimorphic plants the two female and the two male 
organs differ in power ; for if the same kind of pollen 
be placed on the stigmas of the two forms, and agmn 
if the two kinds of jmllen be placed on the stigmas of 
the same form, the results are in each c-'oe widely dif- 
ferent. Nor can we see how this differentiation of the 
two female and two male organs could .have been 
effected merely through each kind of pollen being 
habitually placed on one of th*' two stigmas. 

Another view seems at first sight probable, namely, 
that an incapacity to be fertilised in certain ways has 
been specially acquired by heterostyled plants. We 
may suppose that our varying species was somewhat 
sterile (as is often the case) with pollen from its own 
stamens, whether these were long or short ; and tiiat 
such steiiUty was transferred to all tiie individuals 
with pistils and stamens of the same length, so that 
these becaihe incapable of intercrossing freely; but 
that such sterility was eliminated. in the case of the 
individuals which differed in the length of their pistils 
and stamens. It is, however, incredible that so peculiar 
a f(am of mutual infertility should have been specially 
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acquired unless it vere highl 7 beneficial to the species i 
and although it may be beneficial to 6 hi individual 
plant to be aiorile with its own pollen, cross*fertiliBa> 
tion being thus ensured, how can it be any^advan* 
tage to a plant to be sterile with half its brethren, 
that is, with all Ijie individuals belonging to the 
same form ? Moreover, if the sterility of tire unions 
between plants of the same form had been a spec^ 
acquirement, we might have expected that |he long- 
sityhsd form fertilised by the long-styled would have 
been sterile in the same degree as the short-styled 
fertilised by the short-styled ; but this is hardly ever 
the case. On the contrary, there is sometimes the 
widest difference in this respect, as between the two 
illegitimate unions of Pidmomria angusUfolia and of 
Eottonia s. 

It is a more piobsble view that the male and female 
organs in t..<) ^f individuals have been by some 
means 8pv,..^aiiy adapted for reciprocal action; and 
that the sterility between the individuals of the same 
set or form is an incidental and purposeless result. 
The meaning of the term “ incidental " may be illus- 
trated by the greatci- or less difficulty in grafting or 
budding together two plants 'belonging to distinct 
species ; for as this capamty is quite immaterial to the 
welfare of either, it cannot have been specially ae-* 
quired, and must be the incidental result of differ^ 
encQS in their* vegetdtive' systems. But how the 
sexual elements of heterostyled plants came to differ 
from what they were whilst the species was homo- 
styled, and how they become oo-adapted in two sets of 
individuals, are very obscure points. We know that 
in the two forms of our existing heterostyled plants 
the pistil always differs, and the stamens generally 
differ in lengtii; so does the stigma in stmcture. 
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the anthers in size, and the pollen-grains in diameter. 
It appears, therefore, at first sight probable that 
organs which differ in such important respects could 
act on one another only in some manner for which 
they had been specially adapted. The probability of 
this view is supported by the cij^ous rule that the 
greater the difference in length between the pistils 
and stamens of the trimorphio species of Lythrum and 
Oxalis, the products of which are united for reproduc- 
tion, by so much the greater is the infertility of .the 
union. The same rule applies to the two illegitimate 
unions of some dimorphic species, namely, Primda 
vvigari^ and Pulmonaria angvutifalia ; but it entirely 
fails in other cases, os with Hottmia folvMrit and 
Linwn grandijlorum. We shall, however, best perceive 
the difficulty of understanding the nature and origin 
of the co-adaptation between the reproductive organs 
of the two forms of heterostyled plants, by consider- 
ing the case of Linum grtmcUjlorum : the two forms of 
this plant differ exclusively, as far as we can see, in 
the length of their pistils ; in the long-styled form, 
the stamens equal the pistil in length, but their 
pollen has no more effect on it than so much in- 
organic dust ; whilst this pollen fully fertilises the 
short pistil of the other form. Now, it is scarcely 
* credible that a mere difference in the length of the 
pistil cw make a wide difference in its capacity for 
being fertilised. We can belieVe this the less because 
with some plants, for instance, Amsinekia tpeeieAilia, 
the pistil varies'greatly in length without affecting 
the fertility of the individuals which ore intercrossed. 
So again 1 observed that the same plants of Primula 
veria and vufyaris differed to an extraordinary degree 
in the length of their pistils during successive seasons ; 
nevorthdess they yielded daring these seasons exactly 
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the same average number of seeds when left to fertilise 
themselves spontaneously under a net. 

We must therefore look to the appearance of inner 
or hidden constitutional differences between the indi- 
viduals of a varying species, of such a natuft that the 
male element of ong set is enabled to act efSciently 
only on the female element of another set. We need 
not doubt about* the possibility of variations in the 
constitution of the reproductive system of a plant, fur 
w<e l(now that some species vary so as to be completely 
self-sterilo or completely seK-fertile, either in an appa- 
rently spontaneous manner or from slightly changed 
conditions of life. Gartner also has shown* that the in- 
dividual plants of the same species vary in their sexual 
powers in such a manner that one will unite with a 
distinct species much more readily than another. «But 
what the nature of the inner constitutional differences 
may be between the sots or forms of the same varying 
species, or between distinct species, is quite unknown. 
It seems therefore probable that the species which 
have become heterostyled at first varied so that two 
or three sets of individuals were formed differing in 
the length of their pistils and stamens and in other 
co-adapted characters, and that'almost simultaneously 
their reproductive powers became modified in such a 
manner that the sexual elements in one seti were* 
adapted to act on the sexual elements of another set ; 
and consequently that *these elements in the same set 
or form incidentally became ill-adapted for mutual 
interaction, as in the case of distinctaspecies. I have 
elsewhere shown t that the sterility of species when 

* Cttrinor, ‘BaBtudeneng^ng' Plaats nnder Somestioation,' Snd 
im Fflaasemmob,* 1840, p. 105. adit. ToLiLn. 109; 'TbeESeetoof 

t ‘ Ofu& of Speeiea,' 0tli edit. QKMtaadSelf-feraliaatlon,' p.403. 
p.a47:-* Twia^of Animalaaad It may be well bate to lemaric 
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first crossed and of their hybrid offspring must also 
be looked at as merely an incidental result, following 
from the special co-adaptation of the sexual elements 
of the same species. We can thus understand the 
striking ^allelism, which has been shown to exist 
between the effects of illegitimately uniting hetero- 
styled plants and of crossing distinct species. The 
great difference in the degree of sterility between the 
various heterostyled species when illegitimately feiv 
tilised, and between the two forms of the same species 
when similarly fertilised, harmonises well with the 
view that the result is an incidental one which follows 
from changes gradually effected in their reproductive 
systems, in order that the sexual elements of the dis- 
tinct forms should act perfectly on one another. 

« 

TranmMmn of (he Tm Form hy Hetero^ybd Plante. 
— ^The transmission of the two forms by heterostyled 
plants, with respect to which many facts were given in 
the last chapter, may perhaps be found hereafter to 
throw some light on their manner of development. 
Hildebrand observed that seedlings from the long- 
styled form of Primula Sineneie when fertilised with 
pollen from the same form were mostly long-styled, 
and many analogous oases have since been observed 
>by m& All the known cases are given in the two 
following tables. 

that, judging from the remaric- ftmaleelementainihetwofbimBttf 
able power witli wluqli abruptly the wme hetooatyled qieoiea, or 
changed oondithniB of life act on inaU the indindnala of the same 
the i^noduetlve ayatem ef moat ordinary qieoiea, ooold be acquired 
oigBDiama, it ia probable tiiat the only under long-eontinned nearly 
doae adaptation of the male to the uniform omiditi^ of life^ 
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Table 36 . 

Nature of the Offn^ng from lUegitirmtdy fertUUed Dimoryhic 
Plants, 


Namber | Kumbrr 
of Loofl- 'ofSboit- 
Btjled I styled 
Ofbpring. Otbprlng. 


Primula veria 


Primula vulgaris 


Primula auricula 


Primula Sinensis 


VLong-styled form, fertilised by 
own-form pollen during five 
* successive generations, pro- 
duced 


|Short-Btyled form, fertilised byl I 
own-form pollen, produced 


( Long-styled form, fertilised by] 
own-form pollen during two I 
successive generations, pro- 1 
duced. •••••.] 

’Short-styled form, fertilised by' 
own-form pollen, is said to 
produce during successive 
generations offspring in about 
^ the following proportions 

I Long-styled^ form, fertilised by 
own-fomn pollen during two 
successive generations, pro-| 
duced 

f Long-styled form, fertilised by] 
ovrn - form pollen (Hilde- 
brand), produced, • • .] 


fShort-styled form, fertilised byl 
*\ own-form pollen, produced ./ 


Pnlmoharia officinalis* 


Long-styled form, fertilised hfy 
own-ferm pollen, produced ./ 

Long-styled form, fertilised byl 
own-lorm pollen, produced ./ 

Short-styled form, ^ilised byl 
own-form pollen, produced •/ 
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Table 37 . 

Nature rf the Offspring from Illegitimatdy fertilised Trit/iorphic 
Plants, » 


Oxalis rosea 


'Long-styled form, fertilised 
by own-form pollen, pro- 
duced 

Short-styled form, fertilised 
by own-form pollen, pro- 
duced . . . • • 

Short-styled form, fertilised' 
by pollen from mid-length I 
stamens of long -styled I 
form, produced . • .J 


Number 

Number 

Number 

of Tjong- 

of MM- 

of Short- 

styled 

styl^ 

styled 

Offiiprlng 

. Offspnng. 

Offspring. 

56 

0 

. « 


form, fertilised byl ! 
n pollen, prodaced/| 


own-form 


rMid-styled form, fertilised byl 
I pollen from shortest sta-r g 

mens of long-stfled form,! 

[ produced • • . • .j 

'Mid-fltyled form, fertilised by 1 

pollen from longest sta- g 

m<*n8 of short-styled form, 
produced 

Long-styled form, fertilisedt 
during several generations 
by own-form policy, pro- >100 0 

duced offspring in the 
ratio of 
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We see in these two tables that the offspring from 
a form illegitimately fertilised with pollen from 
another plant of the same form belong, with a few 
exceptions, to the same form as their parents. For 
instance, out of 162 seedlings firom long-styjed plants 
of Primula vem fertilised during five generations in 
this manner, 156 ware long-styled and only 6 short- 
styled. Of 69 seedlings from P. mUgarh similarly 
raised all were Idhg-styled. So it was with 56 seedlings 
from the long-styled form of the trimorphio Lythnm 
Miaaria, and with numerous seedlings from the long- 
styled form of (hcdia rosea. The offspring from the 
short-styled forms of dimorphic plants, and from both 
the mid-styled and short-styled forms of trimorphic 
plants, fertilised with their own-form pollen, likewise 
tend to belong to the same form as their parents, but 
not in so marked a manner as in the Case of the long- 
styled form. There are three cases in Table 37, in 
which a form of Lythnim was fertilised illegitimately 
with pollen from another form ; and in two of these 
cases all the offspring belonged to the same two forms 
as their parents, whilst in the third case they belonged 
to all three forms. 

The cases hitherto given relate to illegitimate unions, 
but Hildebrand, Fritz Muller, aind myself found that 
a very large proportion, or all of the offspring, from a 
legitimate union between any two forms of the tri- * 
morphic species of Oxalis belonged to the same two 
forms, A similar rule ttierefdre holds good with unions 
which are fully fertile, as with those of an illegiti- 
mate nature which are more or lesS sterile. When 
some of the seedlings from a heteiostyled plant belong 
to a different form from that of its parents, Hildebrand 
accounts for the fSMst by reversion. For instance, the 
long-styled parent-plant of Primula vans, from which 
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the 162 illegitimate seedlings ip Table 36 vete derived 
' in' the conise of five generations, wm itself no doubt 
/ derived from the union of » long-styled and a short- 
styled parent; and the 6 short-styM seedlings may be 
attributed to reversion to their phprt-styled progeni- 
tor. But it is a surprising fact in this case, and in 
other similar ones, that the nup^r of the offspring 
which thus reverted was not larger. ThOvfact is ren- 
dered still more strange in the particular instance of 
P. verts, for there was no reversion until four or five 
geneiaticms of long-styled plants had been raise<L It 
may be seen in both tables that the long-|tyled form 
transmits its form ipuqh niore foithfoUy than does the 
short-styled, when j^oth are fertilised with their own- 
form pollen ; and why this should be ro it is difficult 
to- conjecture, unless it be that the aboriginal parent- 
form of most heterostyled species possessed a pistil 
which exceeded its own stamens considerably in 
length.* I will only add that in a state of nature 
any single plant of a trimorphic species no doubt pro- 
duces all three forms; and this may be accounted for 
either by its several flowers being separately fertilised 
by both the other forms, as Hildebrand supposes ; or 
by pollen from both the other forms being deposited 
by insects on the stigma of the same flower. 

varieiies . — The tendency of the di- 
morphic species of Primula to produce equal-styled 
varieties deserves notice. Cases of this kind have 


* It may be snspeotod that tbit 
wee the ease with Pinbola, Jadg- 
ing hom Uie length of the leatil 
in eerenl oIUm geneia (eee 
Mr. J. Boott, * Jontnal Linn. Soo. 
Bot.' toL vlii. 1864, p. 85). Hen 

of ivSmila doaor gioi^g' in a 


state of natnie witii tome flowen 
on the same plant hmgwttyle^ 
othen shoii-itylod and others 
eqnd'O^lod ; and the ]<mg>oMed 
fim greatly pienonderatea in 
number; there being 61 of this 
form to 9 of the short-styled and 
16 of Uie eqnal-styled. 
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been obserred, as shown in the last chapter, in no less 
than six species, namely, P. vwis, w/Hgarit, SKnenau, 
€mrieuta,f<mw)ta, and dlUior', In the case of P. ver^, 
the stamens resemble in lengfh, position and size 
of their pollen-grains the stamens of the short-styled 
form ; whilst the pistil closely resembles that of the 
long-styled, but as it varies much in length, one proper 
to the short-styled form appears to have been elongated 
and to have assumed at the same time the fnncrions 
of a long-styled pistil. Cohsequently the flowers are 
dtp&ble of spontaneous self-fertilisation of a legiti- 
mate natuls and yield a full complement of see^ or 
even more than the number -produced by ordinary 
flowers legitimately fertilised. ;With P. Sinmuis, on 
the other hand, the stamens resemble in all respects 
the shorter ones proper to the long-styled form, whilst 
the pistil makes a near approaph to that of the short- 
styled, but as it varies in length, it would appear as 
if a long-styled pistil had been reduced in length and 
modifled in function. The flowers in this case as in 
the last ate capable of spontaneous legitimate ferti- 
lisation, and ore rather more productive than ordinary 
flowers legitimately fertilised. With P. armetUa and 
farinom the stamens resemble those of the short-styled 
form in length, but those of the long-styled in the 
size of their pollen-grains ; the pistil also resembles that , 
of the long-styled, so that although the stamefls and 
pistil ate of nearly equal length, and consequently 
pollen is spontaneously deposited on the stigma, yet 
the flowers are not legitimately fertilised and yield 
only a very moderate supply of seed. We thus see, 
flrstly, that equal-styled varieties have originated in 
various ways, and, secondly, that the combination of 
the two forms in the same flower differs in complete- 

• T 
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ness. With P. daiwr some of the flowers on the same 
plant have become equal-styled, instead of all of 
them as in the other species. 

Mr. Scott has suggested that the equal-styled rarie- 
ties arise through reversion to the former homostyled 
condition of the genus. This view is supported by 
the remarkable fidelity with whi);h the equal-styled 
variation is transmitted after it has once appeared. I 
have shown in Chapter Xlll. of my * Variation of 
Aniinflls and Plants under Domestication,’ that any 
cause which disturbs the constitution tends to' in- 
duce reversion, and it is chiefly the cultivated 
species of Primula which become equal-styled. Ille- 
gitimate fertilisation, which is an abnormal process, 
is likewise an exciting cause ; and with illegitimately 
descended long-styled plants of P. Sinensis, I have 
observed the first appearance and subsequent stages 
of this variation. With some other plants of P. Si- 
nenm of similar parentage the flowers appeared 
to have reverted to jheir original wild condition. 
Again, some hybrids between P. veris and wdgaris 
were strictly equal-styled, and others made a near 
approach to this structure. All these facts support 
the view that this variation results, at least in part, 
from reversion to the original state of the genus, 
before the species had become heterostylod. On the 
other hand, some considerations indicate, as previously 
remark^ that the aboriginal parent-form of Primula 
had a pistil which exce^ed ^e stamens in length. 
The fertility of the equal-styled varieties has been 
somewhat modified, being sometimes greater and some- 
times less tiian that of a legitimate union. Another 
view, however, may be taken with respect to the origin 
4^ the equal-styled varieties, and their appearance 
may be compared with that of hermaphrodites amongst 
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animals which properly have their sexes separated; 
for the two sexes are combined in a monstrous her* 
maphrodite in a somewhat similar manner as the 
two sexual forms are combined in the same flower of 
an equal-styled variety of a heterostyled sp^ies. 

Final rema/rha . — The existence of plants which have 
been rendered heterostyled is a highly remarkable 
phenomenon, as the two or three forms of the samb 
imdoubted species differ not only in important points 
of sWcture, but in the nature of their reproiluctive 
powers. As far as structure is concerned, the two 
sexes of many animals and of some plants differ to an 
extreme degree ; and in both kingdoms the same 
species may consist of males, females, and hermaphro- 
dites. Certain hermaphrodite cirripedes are aided in 
their reproduction by a whole cluster of what I have 
called complemeiital males, which differ wonderfully 
from the ordinary hermaphrodite form. With ants 
we have males and females, and two or three castes of 
sterile females or workers. With Termites there are, 
as Fritz Muller has shown, both winged and wingless 
males and females, besides the workers. But in none 
of these cases is there any reason to believe that the 
several males or several females of the same species 
differ in their sexual powers, except in the atrophied . 
condition of the reproductive organs in the workers of 
social insects. Many .hermaphrodite animals must, 
unite for reproduction, but the necessity of such 
union apparently depends solely on their 'structure. 
On the other hand, with heterosiyled diraoiqdiio 
species there are two females and two sets of males, 
wd with trimorphic species tiiree females and three 
sets of males, which diff(» essentially in their sexual 

T 2 
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powers. We shall, perhaps, best peifceive the complex 
and extraordinary nature of the marriage arrangements 
of a trimorphic plant by the following illustration. 
Let us suppose that the individuals of the same species 
of ant always lived in triple communities ; and that 
in one of these, a large-sized female (differing also in 
other characters) lived with six i&iddle-sized Imd six 
small-sized males ; in the second community a middle- 
sized female lived with six large- and six small-sized 
males ; and in the third, a small-sized female Uv^d 
with six large- and six middle-sized males. Each of 
these three females, though enabled to unite with any 
male, would be nearly sterile with her own two sets of 
males, and likewise with two other sets of males of the 
same size with her own which lived in the other two 
communities; but she would be fully fertile when 
paired with a male of her own size. Hence the thirty- 
six males, distributed by half-dozens in the three com- 
munities, would be divided into three sets of a dozen 
each; and these sets, as well as the three females, 
would differ ffom one another in their reproductive 
powers in exactly the same manner as do the distinct 
species of the same genus. But it is a still more 
remarkable fact that young ants raised from any one 
of the three female ants, illegitimately fertilised by a 
n^e of a different size would resemble in a whole 
series'of relations the hybrid offspring from a cross 
between two distinct species of ants. They would be 
dwarfed in stature, and more or less, or even utterly 
barren. Haturahsts are so much accustomed to behold 
great diversities of structure associated with the two 
sexes, that they feel no surprise at almost any amnnnt. 
of difference; but differences in sexual nature have 
been thought to be the very touchstone of fq)eoiffc 
distinction. We now see that such sexual differences 
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— the greater or less power of fertilising and being 
fertilised — may oharaoterise the co*existiDg individuals 
of the same species, in the same manner as they 
characterise and hare kept separate those jgroups of 
individuals, produced during the lap^e of ages, which 
we tank and denominate as distinct species. 
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CHAPTER Yp. 

Polygamous, Dkecious, and Gyno-dkecious Pl.\nt8. 

The conversion in various ways of hermaphrodite into dioecious plants 
— Heteroatyled plants rendered dioecious— Bubiacem^Yerbenaocie 
—Polygamous and sub-dioBoious plants— Buonymus-Pragaria— 
The two sub-forms of both sexes of Bhamnus and Eplgsea — ^Ilex — 
Gyno-dioecious plants— Tiiymus, difference in fertility of the her- 
maphrodite and female individuals — Satuxcia — Manner in which 
the two forms probably originated — Soabiosa and other gyno- 
dioecious plants — ^Difference in the size of the corolla in the forms 
of polygamous, dioecious, and gyno-dioecious plants. 

Thebe are several groups of plants in which all the 
species are dicecious, and these exhibit no rudiments 
in the one sex of the organs proper to the other. 
About the origin of such points nothing is known. It 
is possible that they may be descended from ancient 
lowly organised forms, wUch had from the first their 
sexes separated; so that they have never existed as 
hermaphrodites. There are, however, many. other 
groups of species and single ones, which &oip being 
> allied, on all sides to hermaphrodites, and from ex- 
hibiting in the female flowers plain rudiments of 
nude organs, and conversely iiT the male flowers mdi- 
ments of female organs, we may feel sure ore descended 
from plants whioh formerly had the two sexes com- 
bined in the same flower. It is a curious and obscure 
problem how and why such hermaphrodites have been 
rendered bisexual. 

If in some individuals of a species the stamens 
alone were to abort, females and hermaphrodites would 
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be left existing, of which many instances occni ; and 
if the female organs of the hermaphrodite were after* 
wards to abort, the result would be a dioecious plant. 
Conversely, if we imagine the female organs alone to 
abort in some individuals, males and hemfhphrodites 
would be left ; and^ the hermaphrodites might after* 
wards be converted into females. 

In other cases, as in that of the common Ash*trefr 
mentioned in the Introduction, the stamens are rudi* 
iheatary in some individuals, the pistils in others, 
others again remaining as hermaphrodites. Here the 
modification of the two sets of organs appears to have 
occurred simultaneously, as far as we can judge from 
their equal state of abortion. If the hermaphrodites 
were supplanted by the individuals having separated 
sexes, and if these latter were equalised in number, a 
strictly dioecious species would be formed. 

There is much difficulty in understanding why her* 
maphrodite plants should ever have been rendered 
dioecious. There would be no such conversion, unless 
pollen was already carried regularly by insects or by the 
wind from one individual to the other ; for otherwise 
every step towards dioeciousness , would lead towards 
sterility. As we must assume that oros8*fertilisation 
was aspired before an hermaphrodite could be changed 
into a dioecious plant, we may conclude that tho con-* 
version has not been effected for the sake of gaining 
the gceat benefits wHich follow &om crosstfertilisa* 
lion. We can, however, see that if a species were 
subjected to un&vourable oonditionstfrom severe com- 
petition with other plants, or &om any other cause, the 
production of the male and female elements and the 
maturation of the ovules by the same individual, ipight 
prove too great a strain on its powers, and the sepaia* 
tion of the sexes would then be highly beneflciaL 
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This, hofweyer, would be effected only under the con* 
tingeney of a reduced number of seeds, produced by 
tho fomales alone, being sufScient to keep up the 
stock. 

There another way of looking at the subject which 
partially removes a difficulty that f^ppeats at first sight 
insuperable, namely, that during the Sonversion of an 
jbeimaphrodite into a dioecious plant,'the male organs 
must abort in some individuals and the female organs 
in others. Yet as all are exposed to the same sod* 
ditioits, it might have been expected that those 
which varied would tend to vary in the same man* 
ner. As a general rule only a few individuals of a 
species vary simultaneously in the same manner; and 
there is no improbability in the assumption that 
some few individuals might produce larger seeds 
than the average, better stocked with nourishment. If 
the production of such seeds were highly beneficial to 
a species, and on this head there can be little doubt,* 
the variety with the large seeds would tend to in* 
crease. But in accordance with the law of compensa- 
tion we might expect that the individuals which pro- 
duced such seeds would, if living under severe con- 
ditions, tend to produce less and less pollen, so that 
their anthers would be reduced in size and might ulti- 
‘matoly become rudimentary. This view occurred to 
me owing to a statement by Sir J. E. Smith f that 
there are female and hermaphrddite plants of Serrabukt 
tindoria, and that the seeds of the former ate larger 
than those of the hermaphrodite form. It may also 
be worth while to recall the case of the mid-styled 
form of Lythnm saliearia, which produces a larger 

♦ " 

* 866 the facts given in ‘The t 'Tnms* Linn. Soe.,’ yoL xiii. 
SflRaots of Cross and Self-feitilisa- p. 600. 
tkAB,’ p. 85a. 
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number of seeds than the other 'forms, and has some4 
what smaller pollen-grains which hare less fertilising 
power than those of the corresponding stameps in the 
other two forms; but whether the luger’ number of 
seeds is the indirect cause of the diminished power 
of the pollen, or viee veraA, 1 know not. As soon 
as the anthers it a certain number of indinduals be- 
came reduced in*size in the manner just suggested m; 
&om any other cause, the other individuals would have 
tb produce a larger supply of pollen ; and sd^ in- 
creased development would tend to reduce the female 
organs through the law of compensation, so as ulti- 
mately to leave them in a rudimentary condition; 
and the species would then become dioecious. 

Instead of the first change occurring in the female 
organs we may suppose that the male ones first varied, 
so that some individuals produced a larger supply of 
pollen. This would be beneficial under certain cir- 
cumstances, such as a change in the nature of the 
insects which visited the flowers, or in their be- 
coming more anemophilous, for such plants require an 
enormous quantity of pollen. The increased action of 
the male organs would tend to affect through compen- 
sation the female organs of the same flower ; and the 
final j^fsult would be that the species would consist of 
males and hermaphrodites. But it is of no use con<> 
sidering this case and other analogous ones, for, as 
stated in the Introdilctioi), the co-existencq of male 
and hermaphrodite plants is excessively rare. 

It is no valid objection to the foigegoing views that 
changes of such a nature would be effected with ex- 
treme slowness, for we shall presently see good reason 
to believe that various hermaphrodite plants have 
become or are becoming dioecious by many and ex- 
oessivd^y small steps. In the case of polygamous 
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specif, which exist as males, females and hennaphro- 
dites, the latter would hare to be supplanted l^foie 
the species could become strictly dioecious ; but the 
extinction of tho hermaphrodite form would probably 
not he difficult, as a complete separation of the sexes 
appears often to be in some way beneficial. The males 
and females would also have to be equalised in 
jiumber, or produced in some fitting proportion for the 
effectual fertilisation of the females. 

There are, no doubt, many unknown laws wkicSi 
gorem the suppression of the male or female organs 
in hermaphrodite plants, quite independently of any 
tendency in them to become monoecious, dioecious, or 
polygamous. We see this in those hermaphrodites 
which from the rudiments still present manifestly 
once possessed more stamens or pistils than they 
now do, — even twice as many, as a whole verticil has 
often been suppressed. Bo^rt Brown remarks* that 
"the order of reduction or abortion of the stamina 
in any natural family may with some confidence be 
predicted,” by observing in other members of the 
fiunily, in which their number is complete, the order 
of the dehiscence of the anthers ; for the lesser per- 
manence of an organ is generally connected with its 
lesser perfection, and he judges of perfectjpn by 
j>riority of development. He also states that when- 
ever there is a separation of the sexes in an her- 
maphrodite plant, which beanT flowers on a simple 
spike, it is the females which expand flrst ; and ^is 
he likewise attributes to the female sex being, the 
more perfect of the two, but why the female should 
be thus valued he does not explain. 

* *Tniia.Lfaui.Soo.'ToLxJLp.98. Or'UiaoellMieoiia Wodca’ toL 
H. pp. 278-81, 
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Plants under cultivation or ^changed conditibns of 
life frequently become sterile ; and the male organs 
are much oftener affected than the female, though the 
latter alone are sometimes affected. The sterility of 
the stamens is generally accompanied by % reduction 
in their size ; and we may feel sure, from a wide-spread 
analogy, that both the male and female organs would 
become rudimentary in the course of many genera- 
tions if they failed altogether to perform their proper 
ftiivctions. According to Gartner,* if the anthers on 
a plant are contabescent (and when this occurs it is 
always at a very early period of growth) the female 
organs are sometimes precociously developed. I 
mention this case as it appears to be one of com- 
pensation. So again is the well-known fact, that 
plants which increase largely by stolons or other such 
means are often utterly barren, with a large proportion 
of their pollen-grains in a worthless condition. 

Hildebrand has shown that with hermaphrodite 
plants which are strongly proterandrous, the stamens 
in the flowers which open first sometimes abort ; and 
this seems to follow from their being useless, as no 
pistils are then ready to be fertilised. Conversely 
the pistils in the flowers which open last sometimes 
abort ; as when they are ready for fertilisation all the 
pollen has been shed. He further shows by means of 
a series of gradations amongst the Composite, f that 
a tendency from the causes just specified to produce 
either m^e or female florets, sometimes spreads 
to all the florets on the same heed, and sometimes 

*** ‘Beitrage zurKenntaifia/Ao. cliap. rviiL — ^2nd edit toL ijL 
p. 117 et aeq. Thewhole sumeot pp. 146-56. 
of the Bterllit7 of plants nom t 'Ueber die GesdhlechtBYer- 
▼arioniscaiuieBMbeen diaonssed hlUtnlaae bei den Oompoaitent* 
in my * Variation of AnlmalB 1S69, p. 89. 
and Plants under Domeatioation/ 
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even to the whole plant ; and in this latter case the 
species becomes dioecious. In those rare instances men- 
tioned in the Introduction, in which some of the indi- 
viduals of both monoecious and hermaphrodite plants 
are proterp-ndrous, others being proterogynous, their 
conversion into a dioecious condition would probably be 
much facilitated, as they already consist of two bodies 
of individuals, differing to a certain * extent in their 
reproductive functions. 

Dimorphic heterostyled plants offer still more 
strongly marked facilities for becoming dioecious ; for 
they likewise consist of two bodies of individuals in 
approximately equal numbers, and what probably is 
more important, both the male and female organs 
differ in the two forms, not only in structure but in 
function, in nearly the same manner as do the repro- 
ductive organs of two distinct species belonging to 
the same genus. Now if two species are subjected to 
changed conditions, though of the same nature, it is 
notorious that they are often affected very differently ; 
therefore the male organs, for instance, in one form of 
a heterostyled plant might be affected by those un- 
known causes which induce abortion, differently from 
the homologous but functionally different organs in 
the other form ; and so conversely with the female 
organs. Thus the great difficulty before alluded to is 
much lessened in understanding how any cause what- 
ever could lead to the simultaneous reduction and 
ultimate suppression of the male organs in half the 
individuals of a species, .and of the female organs in 
the other half, whilst all were subjected to exactly the 
same conditions of life. 

That such reduction or suppression has occurred 
in some heterostyled plants is almost certain. The 
BubiacesB contain more heterostyled genera than any 
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other family, and from their wide distribution we may 
infer that many of them became heterostyled at a re- 
mote period, so that there will have been ample time for 
some of the species to have been since rendered dice- 
cions. Asa Gray informs me that Coprosma i% dioecious, 
and that it is closely allied through Nertera to Mitch- 
ella, which as we Know is a heterostyled dimorphic 
sj)ccies. In the pale flowers of Coprosma the stamq;as 
are exsorled, and in the female flowers the stigmas ; 
s« that, judging from the affinities of the above three 
genera, it seems probable that an ancient short-styled 
form bearing long stamens with large anthers and 
large pollen-grains (as in the case of several Bubia- 
ceous genera) has been converted into the male Co- 
prosina; and that an ancient long-styled form with short 
shunens, small anthers and small pollen-grains has 
been converted into the female form. But according 
to Mr. Meehan,* Mitchella itself is dioecious in some 
districts ; for he says that one form has small sessile 
anthers without a trace of pollen, the pistil being 
perfect ; while in another form the stamens are j)erfcct 
and the pistil rudimentary. He adds that {)lant8 
may be observed in the autumn bearing an abundant 
crop of berries, and others Without a single one. 
Should those statements bo confirmed, Mitchella will 
be proved to be heterostyled in one district and, 
dioecious in another. 

Asperula is likewise a Bubiaceous genus, and from 
the published description of the two forms of A. ojo- 
pana, an inhabitant of Tasmania, 1 did not doubt that 
it was heterostyled; but on examining some flowers 
sent me by Dr. Hooker they proved to be dioecious. 
The male flowers have large anthers and a very small 


* * Froe. Acad, of Sdeaces of Philadelphia/ July 28, 18G8, p. 183. 
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ovarium, surmounted by a mere vestige of a stigma 
without any style ; whilst the female flowers possess 
a largo ovarium, the anthers being rudimentary and 
apparently quite destitute of pollen. Considering 
how many^ Bubiaceous genera are hetorostyled, it is a 
reasonable suspicion that this Asperula is descended 
from a heterostyled progenitor ; * but wo should be 
cautious on this head, for there is no improbability in 
a homostyled Bubiaceous plant becoming dioecious. 
Moreover, in an allied plant, Galium cruciatumy the 
female organs have been suppressed in most of the 
lower flowers, whilst the upper ones remain hermaph- 
rodite ; and here we have a modification of the sexual 
organs without any connection with hetorostylism. 

Mr. Thwaites informs mo that in Ceylon various 
Bubiaceous plants are heterostyled ; but in the case 
of Discospermum one of the two forms is always 
barren, the ovary containing about two aborted ovules 
in each loculus ; whilst in the other form each loculus 
contains several perfect ovules ; so that the species 
appears to be stricjtly dioecious. 

Most of the species of the South American genus 
^giphila, a member of the Verbenaceaj, apparently 
are heterostyled; and both Fritz Muller and myself 
thought that this was the case with M. oldtirata, so 
, closely did its flowers resemble those of the heterostyled 
species. But on examining the flowers, the anthers of 
the long-styled form were found to be entirely desti- 
tute of pollen and less than half the size of those in 
the other form, the pistil being perfectly developed. 
On the other hand, in the short-styled form the stig- 
mas are reduced to half their proper length, having 
also an abnormal appearance ; whilst the stamens are 
perfect. This plant therefore is dioecious ; and we 
may, I think, conclude that a short-styled progenitor, 



Chap. VII. 


POLYGAMOUS PLANTS. 


287 


bearing long stamens exserted beyond the corolla, 
has been converted into the male ; and a long-styled 
progenitor with fully developed stigmas into the fe- 
male. 

Prom the number of bad pollen-grains in the small 
anthers of the short stamens of the long-styled form 
of Pulmonaria angMtifolia^ we may suspect that this 
form is tending to become female; but it does not 
appear tliat the other or short-styled form is becoming' 
Hjore masculine. Certain appearances countenance 
the*belief that the reproductive system of Phlox 
lata is likewise undergoing a change of some kind. 

I have now given the few easels known to me in 
which hcterostyled plants appear with some consider- 
able degree of probability to have been rendered 
dia3cious. Nor ought wo to expect to find many such 
cases, for the number of hcterostyled species is by no 
means large, at least in Europe, where they could 
hardly have escaped notice. Therefore the number of 
dioecious species which owe their origin to the trans- 
formation of hcterostyled plants is probably not so 
large as might have been anticipated from the facilities 
which they offer for such conversion. 

In searching for cases like the foregoing ones, I have 
been led to examine some dioecious or sub-dioecious 
plants, wliich are worth describing, chiefly as they 
show by what fine gradations hermaphrodites may' 
pass into polygamous qr dioecious species. 

Polygamous, Dioecious and ^Suh-diceeious Phmts. 

Euonymus Europseus (Celostrinea)). — The spindle-tree 
is described in all the botanical works which I have 
consulted as an hermaphrodite. Asa Gray speaks of 
the flowers of the American species as perfect, whilst 



288 


DKEOIOUS AND 


Chap. Vn. 


those in the allied genus Gelastros are said to be 
“ polygamo-dioBcions.” If a number of bushes of our 
spin^e>tree be examined, about half will be found to 
have stamens equal in length to the pistil, with well- 
developed anthers; the pistil being likewise to all 
appearance well developed. The other half have a 
perfect pistil, with the stamens uhort, bearing rudi- 
mentary anthers destitute of pollen; so that these 
‘bushes are females. All the flowers on the same plant 
present the same structure. The female corolla ^s 
smaller than that on the polleniferous bushes. The 
two forms* are shown in the accompanying drawings. 


Fig. 12. 



Hermaphrodite or male. Female. 

£uo»ymu8 Europjsus. 


I did not at first doubt that this species existed 
" underran hermaphrodite and female form ; but we shall 
presently see that some of the bushes which appear 
to be hermaphrodites never produce fruit, and these 
are in fact males. The species, therefore, is poly- 
gamous in the selise in which I use the term, and tri- 
oicous. The flowers are frequented by many Diptera 
and some toiall Hymenoptera for the sake of the 
nectar secreted by the disc, but 1 did not see a single 
bee at work ; nevertheless the other insects sufficed to 



Chap. VII. 


POLYGAMOUS PLANTS. 


m 


fertilise effectually female bushes growing at a dis- 
tance of even 30 yards from any polleniferous bush. 

The small anthers borne by the short stamens of 
the female flowers are well formed and dehisce pro- 
perly, *but I could never find in them a sii^le grain 
of pollen. It is somewhat difficult' to compare the 
length of the pistils in the two forms, as they vary 
somewhat in this respect and continue to grow after 
the anthers are mature. The pistils, therefore, in old* 
flpwers on a polleniferous plant are often of consider- 
ably greater, length than in young flowers on a female 
plant. On this account the pistils from fiVo flowers 
from so many hermaphrodite or male bushes were 
compared with those from five female bushes, before 
the anthers liad d(}hisced and whilst the rudimentary 
ones wore of a pink colour and not at all shrivelled. 
These two sets of pistils did not differ in length, or if 
there was any difference those of the polleniferous 
flowers were rather the longest. In one hermaphrodite 
plant, w'hich produced during three years very few 
and poor fruit, the pistil much exceeded in length 
the stamens bearing perfect and as yet closed an- 
thers ; and I never saw- such a case on any female 
plant. It is a surprising fact that the pistil in the 
male and in the semi-sterile hermaphrodite flowers 
has not been reduced in length, seeing that it per- ^ 
forms very poorly or not at all its proper function. 
The stigmas in the t\{o forms are exactly alike ; and 
in some of the polleniferous plants which never pro- 
duced any fruit I found that the surface of the stigma 
was viscid, so that pollen-grains adhered to it and had 
exsertod their tubes. The ovules are of equal size 
in the two forms. Therefore the most acute botanist, 
judging only by structure, would never have suspected 
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that some of the bushes were in function exclusively 
males. 

Thirteen bushes growing near one another in a 
hedge consisted of eight females quite destitute of 
pollen and of five hermaphrodites with well-developed 
anthers. ^ In the autumn the eight females were .well 
covered with fruit, excepting onej^w'hich bore only a 
moderate number. Of the five hermaphrodites, one 
"bore a dozen or two fruits, and the remaining four 
bushes several dozen ; but their number was as nothing 
(*ompared with those on the female bushes, for a single 
branch, between two and three feet in length, from 
one of the latter, yielded more than any one of the 
hermaphrodite bushes. The difference in the amount 
of fruit produced by the two sets of bushes is all the 
more striking, as from the sketches above given it is 
obvious that the stigmas of the polleniferous flowers 
(jan hardly fail to receive their own pollen ; whilst the 
fertilisation of the female flowers depends on pollen 
being brought to theni by flies and tlie smaller 
Hymenoptcra, which are far from being such eflicient 
carriers as bees. 

I now determined to observe more carefully during 
successive seasons some bushes growing in another 
place about a mile distant. As the female bushes 
were so highly productive, I marked only two of them 
with the letters A and B, and five polleniferous bushes 
with the letters C to Gr. 1 may premise that the 
year 1805 was highly favourable for the fruiting of all 
the bushes, especially for the polleniferous ones, some 
of which were quite barren except under such favour- 
able conditions^ The season of 1864 was unfavourable. 
In 1863 the female A produced some fruit in 1864 
enly 9 ; and in 1865, 97 fruit. The female B in 1863 
was " covered with fruit in 1^64 it bore 28 ; and in 
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1865 “innumerable very fine fruits.” I may add, 
that three other female trees growing close by were 
observed, but only during 1863, and they then bore 
abundantly. With respect to the polleniferous bushes, 
the one marked C did not bear a single fijiit during 
the years 1863 and 1864, but during 1865 it produced 
no' less than 92 filiit, which, however, Avere very poor. 
I selected one cjf the finest branches with 15 fruit, and 
these contained 20 seeds, or on an average 1*33 jier 
fruit. I then took by hazard 15 fruit from an adjoin- 
ing female bush, and these contained 43 seeds ; that 
is, more tlian twice as many, or on an average 2*86 
per fruit. Many of the fruits from the femahi bushes 
iu(duded four seeds, and only one had a single seed ; 
Avhercas not one fruit from the polleniferous bush(\s 
contained four seeds. Sloreover AA^hen the two lots of 
seeds Avere comimred, it was manifest that those from 
the female bushes AA^ro the larger. The second 
polleniferous bush, D, boro in 1863 about two dozen 
fruit, — in 1864 only 3 very poor fruit, each containing 
a single seed, — and in 1865, 20 equally poor fruit. 
Lastly, the three i)ollenifcrous bushes,^ E, F, and G, 
did not produce a single fruit during the three years 
1863, 1864, and 1865. 

We thus see that the female bushes differ somewhat 
in their degree of fertility, and the polleniferous onejj 
in the most marked manner. We have a ‘perfect 
gradation from the female bush, B, which in 1865 was 
covered with “ innumerable fruits,” — through the 
female A, which produced dicing the same year 97, — 
through the polleniferous bush C, which produced 
this year 92 fruits, these, hoAvever, containing a very 
loAV average number of seeds of small size, — through 
the bush D, which produced only 20 poor fruit, — to 
the three bushes, E, F, and G, which did not this 

U 2* 
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year, or during the two previous years, produce a 
single fruit. If these latter bushes and the more 
fertile female ones were to supplant the others, the 
spindle-tree would be as strictly (Jioecious in function 
as any plant in the world. This case appears to me 
very interesting, as showing how gradually an herma- 
phrodite plant may be converted itTto a dioecious one.* 
Seeing how general it is for organs which are 
almost or quite functionlcss to bo reduced in size, it is 
remarkable that the pistils of the polleniferous plants 
should equal or even exceed in, length those of the 
highly fertile female plants. This fact formerly led 
me to suppose that the spindle-tree had once been 
heterostylcd ; the hermaphrodite and male plants hav- 
ing been originally long-styled, with the pistils since 
reduced in length, but with the stamens retaining 
their former dimensions ; whilst the female plant had 
been originally short-styled, with the pistil in its pre- 
sent state, but with the stamens since greatly reduced 
and remlered rudimentary. A conversion of this kind 
is at least possible, although it is the reverse of 
that which appears actually to have occurred with 
some Rubiaceous genera and ^giphila ; for with these 
plants the short-styled form has become the male, and 
the long-styled the female. It is, however, a more 
simple view that sufficient time has not elapsed for the 


* AocoT^inS to Fritz Miiller 
( Bot. Zeitang.’ 1870, p. 151), a 
Ghamissoa (AmarantliaeciB) in 
Southern Brazil is in^nearly the 
same state as our Euoiiynius. The 
ovules are equally developed in the 
two forms. In the female the pistil 
is i^rfect, whilst the anthers are 
entirely destitute of pollen. In 
the polleniferous fonn, the pistil 
is, short and the stigmas never 


sepaVate from one another, so 
that, although their surfaoes are 
covered with fairly well-developed 
ropillsB, they cannot be fertilised. 
These latter plants do not com- 
monly yield an;^ fruit, and are 
therefore in (unction males. Never- 
theless, on one occasion Fritz 
Miiller found flowers of this kind in 
which the stigmas had separated, 
and they produced some fruit. 
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reduction of the pistil in the male and hermaphrodite 
flowers of our Euonymus ; though this view does not 
account for the pistils in the polleniferous flowers 
being sometimes longer than those in the female 
flowers. » 

Fragaria vesca^ Yirginianay Chiloensisy (Eosnceai). 
— tendency to the separation of the sexes in the 
cultivated strawberry seems to bo much more strongly 
marked in the United States than in Europe; and 
fhis appears to bo the result of the direct action of 
climate on the reproductive organs. In the best ac- 
count which I have seen,* it is stated that many of the 
varieties in tho United States consist of three forms, 
namely, females, wliich produce a heavy crop of fruit, — 
of hermaphrodites, which ‘‘ seldom j)roduce other than 
a very scanty crop of inferior and imperfect berries,” 
— and of males, wliich produce none. Tho most skiliul 
cultivators plant ‘‘ seven rows of female plants, then 
one row of hermaphrodites, and so on throughout the 
field,” The males bear large, tho hermaphrodites 
mid-sized, and the females small flowers. The lattdr 
plants produce few runners, whilst the two other forms 
produce many; consequently,, as has been observed 
both in England and in the United States, the polleni- 
ferous forms increase rapidly and tend to supplant 
the females. We may therefore infer that much more 
vital force is expended in. the production of ovules 
and fruit than in thcf production of pollen.^ Another 
species, the Hautbois strawberry {F. dattor)^ is more 
strictly dioecious ; but Lindley ma(le by selection an 
hermaphrodite stock-f 

EhamnuB caihxrliem (Bhamnefe). — This plant is well 

* Mr. Leonard Wray in * Gard. infonnation on ihia finlject, aee 
Chzon.* 1861, p. 716. * Variation under Domeatication/ 

t For leferenoes and further diap. x. 2nd edit. voL i. p. 375. 
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known to be dioscious. My son William found the 
two sexes growing in about equal numbers in the Isle 
of Wight, and sent mo specimens, together with obser- 
vations on them. Each sox consists of two sub-forms. 
The two iforms of the male differ in their pistils: 
in some plants it is quite small, without any distinct 
stigma ; in others the pistil is much more developed, 
with the i)apilhe on the stigmatic? surft*ees moderately 
large, Tlie ovules in both kinds of males are in an 
aborted condition. On my mentioning this case to Pro* 
fessor Oaspary, he examined several male plants in 
the botanic gardens at Konigsberg, where there were 
no females, and sent me the accompanying drawings. 

Fi?. 13, 




Khamnuk catiiarticus. (From Caspary.) 

In the English ]dants the petals are not so greatly 
reduced as represented in this drawing. My son ob- 
served that those males w^hich had their pistils mode- 
rately well developed bore slighly larger flowers, and, 
what is vqry remarkable, their j)v:)llen-grains exceeded 
by a little in diameter those of the males with greatly 
reduced pistils. TJiis fact is opposed to the belief that 
the present species was once heterostyled ; for in this 
case it might have been expected that the shorter- 
styled plants would have had larger pollen-grains. 

In the female plants the stamens are in an ex- 
tremely rudimenteuy condition, much more so than 
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the pistils in the males. The pistil varies consi- 
derably in length in the female plants, so that they 
may be divided into two sub-forms according to the 

Kg. 14. 

•m 

Long-btyled Short-btjled 

feiniile. foinale. 

KllAMJTUS CATIIARTICUS. 

length of tliis organ. Both the petals and sepals are 
decidedly smaller in the females than in the males ; 
and the sepals do not turn downwards, as do those of 
the male flowers when mature. All the flowers on the 
same male or same female bush, tliough subject to 
some variability, belong to the same sub-form ; and 
as my son never experienc^ed any difficulty in decid- 
ing under which class a plant ought to be included, 
he believes that the two subTforms of the same sex 
do not graduate into one another. 1 can form no 
satisfactory theory how the four forms of this plant 
originated. ^ 

Bhamnus lanceolaim exists in the United* States, 
as r am informed by Professor Asa Gray, under two 
hermaphrodite forms. In the one, which may be called 
the short-styled, the flower^^ are sub-solitary, and in- • 
elude a pistil about two-thirds or only half as long as 
that in the other form ; it has also shorter stigmas. The 
stamens are of equal length in the two forms ; but the 
anthers of the short-styled contain rather less pollen, 
as far as 1 could judge from a few dried flowers. My 
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son compared the pollen-grains from the two forms, 
and those from the long-styled flowers were to those 
from the short-styled, on an average from ten measure- 
ments^ as 10 to 9 in diameter ; so that the two her- 
maphrodite forms of this species resemble in this 
respect the two male forms of B, catharticua. The 
long-styled form is not so common as the short-styled. 
The latter is said by Asa Gray to be the more fruitful 
of tlie two, as might have been expected from its 
appearing to produce less pollen, and from the grains 
being of smaller size ; it is therefore the more Jiighly 
feminine o'l the two. The long-styled form produces 
a greater number of flowers, which are clustered to- 
gether instead of being sub-solitary ; they yield some 
fruit, but as just stated are loss fruitful than the other 
form, so that this form appears to be th more ma^- 
culine of the two. On the supposition that we have 
here an hermaphrodite plant ^^tjomiug dioecious, there 
are two points deserving n tice; firstly, the ;;;reater 
length of the pistil in the incipient male form ; and 
we have met with a nearly similar case in the male 
and hermaphrodite forms of Euonymus compared with 
the females. Secondly, the larger size of the pollen- 
grains in the more masculine flowers, which perhaps may 
be attributed to their having retained their normal size ; 
whilst those in the incipient female flowers have been 
reduced. The long-styled form of BJanceolatua seems 
to correspond with the males of catharticua which 
have a longer pistil and larger pollen-grains. Light 
will perhaps t^own on the nature of the forms 
in this genus, as soon as the power of both kinds of 
pollen on both stigmas is ascertained. Several other 
species of Bhamnus are said to be dicecious* or sub- 


* Leooq, * G^ogr. Bot.* tom. v. 185S, pp. 420-26. 



Chap. VIL 


POLYGAMOUS PLANTS.- 


297 


dioecious. On the other hand, B.franffula is an ordi- 
nary hermaphrodite, for my son found a large number 
of bushes all bearing an equal profusion of fruit. 

Epigma repens (Ericacece). — This plant appears to 
be in nearly the same state os Bliammts eqtharticm. 
It is described by ^sa Gray* as existing under four 
forms. (1) With long style, perfect stigma, and short 
abortive stamens. (2) Shorter stylo, but with stigma, 
equally perfect, short abortive stamens. These two 
female forms amounted to 20 per cent, of the speci- 
mens received from one locality in Maine; but all 
the fruiting specimens belonged to the first form. 
(3) Style long, as in No. 1, but with stigma imperfect, 
stamens ])erfect. (4) Style shorter than in the last, 
stigma imperfect, stamens 2 )erfect. These two latter 
forms are evidently males. Therefore, as Asa Gray 
remarks, the flowers may be classified into two kinds, 
each with two modiiieations ; the two main kinds 
characterised by the nature and perfection of the 
stigma, along with more or less abortion of the 
stamens; their modifications, by the length of the- 
style.” Mr. Meehan has described t the extreme 
variability of the corolla and calyx in this plant, and 
shows that it is dioecious. It is much to be wished 
that the pollen-grains in the two male forms should 
be compared, and their fertilising power tried ^on the* 
two female forms. 

aqmfdliim (Aquifoliaceae). — In thg several 
works which I have consulted, one author alone | says 
that the holly is dioecious. tDuring several years I 


* * Amerioan Journal of Science/ delpbia/ May 1868, p. 153. 

July 1876. Also ^ The American 1 Vanoher, ^Hist Phys. dee 
Naturalist,* 1876, ^ 490. Plantes d*£urope^' 1841, tom. ii. 

t ‘^YariatiQDsinNmpxarspen#,’’ p. 11. 

* Fioc. Acad. Nat Soc. of Phila* 
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have examined many plants, but have never tound 
one that was really hermaphrodite, I mention this 
genus because the stamens in the female flowers, al- 
though quite destitute of pollen, are but slightly and 
sometimes not at all shorter than the perfect stamens 
in the male flowers. In the latter the ovary is small 
and the pistil is almost aborted. The filaments of the 
.perfect stamens adhere for a greater length to the 
petals than in the female flowers. The corolla of 
the latter is rather smaller than that of the male. 
The male trees produce a greater number of flowers 
than the finales. Asa Gray informs me that L opaca^ 
which represents in the United States our common 
holly, appears (judging from dried flowers) to be in a 
similar state ; and so it is, according to Vaucher, with 
several other but not with all the species of the genus. 

Oyn0‘dicecious Plants, 

The plants hitherto described either show a tendency 
to become dimeious, or apparently have become so 
within a recent period. liut the species now to be 
considered consist of hermaphrodites and females 
without tnales, and rarely show any tendency to 
be ^dioecious, as far as can be judged from their 
, present condition and from the absence of species 
having separated sexes within the same groups. 
Species belonging to the present class, which I have 
called gyno-dioeeious, are found in various widely 
distinct families ^ but a^e much more common in the 
Labiatse (as has long been noticed by botanists) than 
in any other group. Such cases have been noticed 
by myself in Thymm serpyUum and vutgariBy Saiureia 
hortensiBy Origanum vvlgare^ and Meivtha hirButa ; and 
by others in Nepeta gkehoma^ Mentha vulgarzB and 
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aquatm, and PruneUa vulgam. In these two latter 
species the female fonn, according to H. Muller, is 
infrequent. To those must be added Bracoeephcdum 
Moldaviemn, Melissa officinalis and clinipodiumj and 
Hyssopus ojicinalk* In the two last-named pjants the 
female form likewije appears to be rare, for I raised 
many seedlings of both, and all were licrmaplirodites. 
It has already been remarked in the Introduction that , 
aiidro-dioccious species, as they may bo called, or those 
which consist of hermaphrodites and males, are ex- 
tremely rare, or hardly exist. 

Thymus swyyffwja.— The hermaphrodite jrlants pre- 
sent nothing particular in the state of their reproduc- 
tive organs ; and so it is in all the following cases. The 
females of the present species produce rather fewer 
flowers and have somewhat smaller corollas than the 
hermaphrodites ; so that near Torquay, where* this 
plant abounds, I could, after a little practice, distin- 
guish the two forms whilst walking quickly past them. 
According to Vaucher, the smaller size of the corolla 
is common to the females of most or all of the above- 
mentioned Labiatae. The pistil of the female, though 
somewhat variable in length, is generally shorter, 
with the margins of the stigma. broader and formed 
of more lax tissue, than that of the hermaphrodite. 
The stamens in tlie female vary excessively in length ; . 
they are generally enclosed within the tube of the 


* H. Aiiller, ‘Die Befruchtung 
dorBlumeii/ 1878; and'Nataro/ 
1873, p. 161. Vaucher, ‘Plantes 
d’Europe,' tom. iii. p. 611. For 
Dracocephalum, Schimper, as 
quoted by Braun, 'Annals and 
Mag. of Nat Hist’ 2ad series, yol. 
xviii. 1856, p. 380. Leooq, ‘ G^- 
graphio Bot. do TEunpe,’ tom. viii. 
pp. 33, 88, 44, &C. Both Vaucher 


and Leooq were mistaken in think- 
ing that soveral of the plants 
named in the text are dioecious. 


the hermaphrodite form was a 
male; perhaps they were de- 
ceived by the pistil not becoming 
fully develop^ and of propr 
length until some time aftib the 
augers have dehisced. 
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corolla, and their anthers do not contain any sound 
pollen ; but after long search I found a single plant 
with the stamens moderately exserted, and their 
anthers contained a very few full-sized grains, together 
with a ipultitude of minute empty ones. In some 
females the stamens are extremely short, and their 
minute anthers, though divided into the two normal 
^cells or loculi, contained not a traoe of pollen: in 
others again the anthers did not exceed in diameter 
the filaments which supported them, and were di6t 
divided into two loculi. Judging from what I have 
myself seen and from the descriptions of others, all 
the plants in Britain, Germany, and near Mentone, 
are in the state just described; and I have never 
found a single flower with an aborted pistil. It is, 
therefore, remarkable that, according to Delpino,* this 
plant near Florence is generally trimorphic, consisting 
of males with aborted pistils, females with aborted 
stamens, and hermaphrodites. 

I found it very difficult to judge of the proportional 
number of the two forms at Torquay. They often 
grow mingled together, but with large patches con- 
sisting of one form alone. At first I thought that the 
two were nearly equal in number ; but on examining 
every plant which grew close to the edge of a little 
.overhanging dry cliff, about 200 yards in length, I 
found only 12 females; all the rest, some hundreds 
in number, being hermaphrodites. Again, on an 
extensive gently sloping bank, which was so thickly 
covered with this^ plant lhat, viewed from the distance 
of half a mile it appeared of a pink colour, I could 
not discover a single female. Therefore the her- 

* ‘ Suir opera, la Distribiizioae H. Mttller, * Die BefhiolituDg/ 
dei Sessi nolle Piante, Ac.’ 1867, ' Ac./ p. 327. 
p. 7. With reepect to Gennany, 
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maphrodites must greatly exceed in number the 
females, at least in the localities examined by me. 
A very dry station apparently favours the presence 
of the female form. With some of the other above- 
named Labiatas the nature of the soil or climate 
likewise seems to determine the presence of one or 
both forms ; thus v^th Nepeta gleehoma^ Mr. Hart found 
in 1873 that all the plants which he examined near 
Kilkenny in Ireland were females; whilst all near"' 
Da^h were hermaphrodites, and near Hertford both 
forms were present, but with a preponderance of her- 
maphrodites.* It would, however, be a ihistake to 
suppose that the nature of the conditions determines 
the form independently of inheritance; for I sowed 
ill the same small bed seeds of T. serpyUum^ gathered 
at Torquay from the female alone, and these produced 
an abundance of both forms. There is every reason 
to believe, from large patches consisting of the same 
form, that the same individual plant, however much 
it may spread, always retains the same form. In two 
distant gardens I found masses of the lemon-thyme 
(T. citriodoruSy a var. of T, 8erpyUum\ which I was 
informed had grown there during many years, and 
every flower was female. 

With respect to the fertility of the two forms, I 
marked at Torquay a large hermaphrodite and a large^ 
female plant of nearly equal sizes, and when the seeds 
were ripe I gathered all the heads. The two heaps 
were of very nearly equal bulk ; but the hSads from 
the female plant numbered 160, and their seeds 
weighed 8 '7 grains; whilst those from the her- 
maphrodite plant niunbered 200, and their seeds 
weighed only 4*9 grains; so that the seeds from the 


* * Katitre/ June 1873, p. 162. 
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female plant were to those from the liermaphrodite 
as 100 to 56 in weight. If the relative weight of 
the seeds from an equal number of ilower-heads from 
the two forms be compared, the ratio is as 100 for the 
female to 45 for the hermaphrodite form. 

Thymus vulgaris . — The common garden thyme re- 
sembles in almost every respect serpyllum. The 
same slight differences between the, stigmas of the 
'two forms could be perceived. In the females the 
stamens are not generally quite so much reduce(][ us 
in the same form of T serpyllum. In some specimens 
sent me from Mentone by Mr. Moggridge, together 
with the accompanying sketches, the anthers of the 


9 

Fig. 15. 



‘femaldi though small, were well formed, but they con- 
tained very little pollen, and nqt a single sound grain 
could be^ detected. Eighteen seedlings were raised 
from purchased seed, sown in the same small bed; 
and these con8is1;ed of seven hermaphrodites and 
eleven females. They were left freely exposed to 
the visits of bees, and no doubt every female flower 
was fertilised; for on placing under the micro- 
scope a large number of stigmas from female plants, 
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not one could be found to which pollen-grains of 
thyme did not adhere. The seeds were carefully 
collected from the eleven female plants, and they 
weighed 98 ’7 grains; and those from the seven her- 
maphrodites 36-5 grains. This gives for an equal 
number of plants the ratio of 100 to 58* and we 
here see, as, in th» last case, how much more fertile 
the females are than the hermaphrodites. These two 
lots of seeds were sown separately in two adjoining* 
beds, and the seedlings from both the hermaphro- 
dite and female parent-plants consisted of both forms. 

Satur&ia hortmsis , — Eleven seedlings wei» raised in 
separate pots in a hotbed and afterwards kept in the 
green-house. They consisted of ten females and of 
a single hermaphrodite. Whether or not the condi- 
tions to which they had been subjected caused the great 
excess of females T do not know. In the females the 
pistil is ratlier longer than that of the hermaphrodite, 
and the stamens arc mere rudiments, with minute 
colourless anthers destitute of pollen. The window's 
of the green-house were left open', and the flowers 
were incessantly visited by humble and hive bees. 
Although the ten females did not produce a single 
grain of pollen, yet they were ,all thoroughly well 
fertilisiid by the one hermaphrodite plant, and this 
is an interesting fact. It should be added that no 
other pJant of this species grew in my gardem The* 
seeds were collected from the finest female plant, 
and they weighed Tfif grains; whilst those #from the 
hermaphrodite, which was a rather larger plant than 
the female, weighed only 33 **2 grains ; that is, in the 
ratio of 100 to 43. The female form, therefore, is ve^ 
much more fertile than the hermaphrodite, as in the two 
last cases ; but the hermaphrodite was necessarily self- 
fertilised, and this probably diminished its fertility. 
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We may now consider the probable means by which 
so many of the Labiatte have been separated into two 
forms, and the advantages thus gained. H. hCfiller* 
supposes that originally some individuals varied so as' 
to produce more conspicuous flowers ; and that insects 
habitually visited these first, and then dusted with 
their pollen visited and fertilised the less conspicuous 
flowers. The production of pollen by the latter plants 
‘would thus be rendered superfluous, and it would be 
advantageous to the species that their stamens should 
abort, so as to save useless expenditure. They would 
thus be converted into females. But another view may 
be suggested : as the production of a large supply of 
seeds evidently is of high importance to many plants, 
and as .we have seen in the three foregoing cases 
that the females produce many more see^ than the 
hermaphrodites, increased fertility seems to me the 
more probable cause of the formation and separation of 
the two forms. From the data above given it follows 
that ten plants of Thymus serpyllum, if half consisted 
of hermaphrodites and half of females, would yield 
seeds compared with ten hermaphrodite plants in the 
ratio of 100 to 72. Under similar circumstances the 
ratio with Satureia hortensis (subject to the doubt £rom 
the self-fertilisation of the hermaphrodite) would be as 
100 to 60. Whether the two forms originated in ceiv 
*tain inflmduals varying and producing moie seed than 
usual, and consequently producing less pollen ; or in 
the stamens of certain individuals tending from some 
unknown caiise to abort, and consequently prodneing 
more seed, it is ‘imposi^ible to decide; but in either 
case, if the tendency to the increased production of 
seed were steadily fevoured, the result would be the 

, * * ‘Die Befirnohtimg der Blnmen/ 819, 826. 
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oomplete abortion of the male organs. I shall pre- 
sently disimss the cause of the smaller size of the 
female corolla. 

Scobiosa arvensU (Dipsacess).— It has been shown by K. Mliller 
that this species exists in Germany under an hermaphrodite and 
female form,* In my neighbourhood (Kent) the ®nale plants 
do not nearly equal ingniunber the hermaphrodites. The stamens 
of the females vary much in their degiee of abortion ; in some 
plants they are (jiiite short and produce no pollen ; in othei;^ 
they reach to the mouth of the corolla, but their anthers are not 
hsdf the pToi)cr size, never dehisce, and contain but few jwllen- 
grains, these Ixiing colourless and of small diameter. The her- 
maphrodite flowers are strongly proterandous, o,pd H. Miiller 
shows that, whilst all the stigmas on the same flower-head are 
matui’e at nearly the same time, the stamens dehisce one after 
the other ; so that tlicri3 is a great excess of i)ollen, which serves 
to fertilise the female plants. As the production of pollen by 
one set of plants is thus rendered superfluous, their male organs 
have become more or less completely aborted. Should it In* 
hereafter proved that the female plants yield, as is probable, 
more seeds than the hermaphrodites, I should be incliuod to 
extend tlie same view to this plant as to the Labiatse. I have 
also observed the existence of two forms in our endemic /S'. 
Huccisiv, and in the exotic 8, atro^purpurca. In the latter plant, 
differently to what occurs in S, arvensis, the female flowers, 
csixjcially the larger circumferential ones, are smaller than those 
of the hcrinaiflirodite form. According to Lecoq, the female 
flowcr-hcads of 8 , smeim are Likewise smaller than those of 
what he calls the male plants, but which arc probably her- 
maphrodites. 

Echiiim mtiUjarc (Boragincaa).— -The ordinary hermaphrodite 
form appears to be proteraudrous, and nothing more need be said 
aliout it. The female diffei*s in having a much smaller corolla 
and shorter pistil, but a well-developed stigma^ ^he stamens 

* *B6fruchtang der Blumen/ and ferntflea co-exist; itis,how- 
i&o., p. 308. The two forms occur ever, possible that he may have 
not only in Germany, but in been deceived by the flowers being 
England and France. Lecoq, so strongly proteraudrous. From 
(* Geographie But.’ 1857, tom. vi. what Lecoq says, N. BuocUa liko- 
pp. 473, 477) snys that male wiso app^s to occur under two 
plants as well as hennaphrodites forms in Fia'ico. * , 
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are abort ; the anthers do not contain any sound pollen-grains, 
bat in their place yellow incoherent cells’ which do not swell 
in water. Some plants were in an intermediate condition ; that 
is, had one or two or three stamens of proper length with per- 
fect anthers, the other stamens being rudimentary. In one such 
plant half of one anther contained green perfect pollen-grains, 
and the other half yellowish-green imperfect grains. Both forms 
produced seed, but I neglected to observe whether in equal 
numbers. As 1 thought that the state of the anthers might be 
due to some fungoid growth, I examined thei^ both in the bud 
a^d mature state, but could find no trace of mycelium. In 1862 
many female plants were found ; and in 1864, 32 plants were^ 
collected in two localities, exactly half of which were hermaphro- 
dites, fourteen were females, and two in an intermediate con- 
dition. In 1866 , 15 plants wore collected in another locality, 
and these consisted of four hermaphrodites and eleven females. 
I may add that this season was a wet one, which shows that the 
abortion of the stamens can hardly be due to the dryness of the 
sites where the plants grew, as 1 at one time thought pro- 
bable. Seeds from an hermaphrodite were sown in my garden, 
and of the 23 seedlings raised, one belonged to the intermediate 
form, all the others being hermaphrodites, though two or throe 
of them had unusiially short stamens. I have consulted several 
botanical works, but have found no record of this plant varying 
in the manner here described. 

Plantago hinceolata (Plantagineso). — ^Delpino states that this 
plant presents in Italy three forms, which graduate from an 
anemophilous into an entomophilous condition. According to 
H. MUller,* there are only two forms in Germany, neither of 
which show any special adaptation for insect fertilisation, and 
both appear to be hermaphrodites. But 1 have found in two 
kxMilitiei^ in. England female and hermaphrodite forms existing 
together ; and the same fact has been noticed by others.t The 
females are less frequent than the hermaphrodites ; their stamens 
are short, dnd their anthers, which are of a brighter green 
whilst young tlfan those of the other form, dehisce properly, yet 
contain cither no pollen, or a«small amount of imperfect grains 
of variable size. All the flowcr-heods on a plant belong to 

* *DieBefmditiiiig/&o.,p.842. Mr. W. Marshall writes to me to 

t Mr. 0. W. Crocker in * The the same effect from Ely. 
Gardener^tfChronide/ 1864. p. 294. 
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the same form. It is well known that this species is strongly 
proterogynous, and 1 found that the protruding stigmas of both 
the hermaphrodite and female flowers were penetrah^ by pollen- 
tubes, whilst their own anthers were immature and had not 
escaped out of the bud. Flantago media does not present two 
forms; but it appears from Asa Gray’s description,* that such 
is the case with four of the North American species. The co- 
rolla does not prop|rly expand in the shbrt-stamened form of 
these plants. 

(Jtdem, Seiratula, Eriophorum, — ^In the Composite, Cn^ua 
paimfrta and acatdis are said by Sir J. E. Smith to exist as her^ 
tmaphrodites and females, the former being the more frequent. 
V^ith Serratufa tmetoria a regular gradation may be followed 
from the hermaphrodite to the female form; in one of the latter 
plants the stamens were so tall that the anthers embraced the 
style as in the hermaphrodites, but they contained only a few 
grtiins of pollen, and these in on aborted condition; in an- 
otlicr female, on the other hand, the anthers wore much more 
reduced in size than is usual. Lastly, Dr. Dickie has shown 
tliat with Kriophorum anguati/oUum (Cyperaceje) hermaphro* 
elite and female forms exist in Scotland and the Arctic "regions, 
lx)tli of which yield seed, f 

It is a curious fact that in all the foregoing poly- 
gamous, dioecious, and gyno-dioecious plants in which 
any diiference has been observed in the size of the 
corolla in the two or three forms, it is rather larger in 
the females, which have their stamens more or less or 
quite rudimentary, than in the hermaphrodites or males* 
This holds good with Euonymus, Bhamnua catliartiem^ 
Ilex, Fragaria, all or at least most of the beforfi-namcA 
Labiato, Seahma and Echiim vulgare. 

So it is, according to Von Mohl, with ^ardamivui 


* ^Manufd of the Botany of 
the N. United States,’ 2nd edit. 
1 856, p. 269. See also * American 
Journal of Science,* Nov. 1862, 
p. 419, and *Proc. American 
Academy of Science,’ Oct. 14, 


1862, p. 53. 

t Sir J. E. Smith, * Trans. 
Linn. Soc.* vol. xiii. p. 599. 
Dr. Dickie, ^ Jouinal Linu. Soc. 
Bot.* vol. ix. 1865, p. 161. 
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amara, Geranium sylvaticmij MyosotiSj and Salvia. 
On the other hand, as Von Mohl remarks, wlien a 
plant produces hermaphrodite flowers and others 
which are males owing to the more or less complete 
abortion of the female organs, the corollas of the 
males are flot at all increased in size, or only excep- 
tionally and in a slight degree, as im Acer. * It seems 
therefore probable that the decreased size of the female 
corollas in the foregoing cases is due to a tendency to 
abortion spreading from the stamens to the petals. AVe 
see how intimately these organs are related in double 
flowers, in avhich the stamens are readily converted 
into petals. Indeed some botanists believe that j)etals 
* do not consist of leaves directly metamorphosed, but of 
metamorphosed stamens. That the lessened size of the 
corolla ill the above case is in some manner an indirect 
result of the modification of the reproductive organs is 
supported by the fact that in Bhamnus eatharticus not 
only the petals but the green and inconspicuous sepals 
of the female have been reduced in size ; and in tha 
strawberry the flowx^rs are Jargest in the males, mid- 
sized in the hermajihroditcs, and smallest in the fe- 
males. These latt(jr cases, — the variability in the size 
of the corolla in some of the above species, for instance 
in the common thyme, — together with the fact tliat it 
never differs greatly in size in the two forms — make 
me doubt much whether natural selection has come 
into play; — that is whether, in accordance with H. 
Muller’s belief, the advantage derived from the pol- 
, Icniferous flowers being visited first by insects has 
been sufficient to lead td a gradual reduction of the 
corolla of the female. We should bear in mind that as 
the hermaphrodite is the normal form, its corolla has 


* But. Zeitung,’ 1863, p. 326. 
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probably retained its original size.* An objection to 
the above view should not be passed over ; namely, that 
the abortion of the stamens in the females ought to 
havQ added through the law of compensation to the 
size of the corolla ; and this perhaps wonihl have oc- 
curred, had not J;he expenditure saved by the abor- 
tion of the stamens been directed to the female repro- 
ductive organfi, so as to give to this form increased 
^fertility. 


* It does not appear to me 
that Kerner’s view (‘ Dio Soliutz- 
iiiittol des Pollens,' 1873, p. 50) 
can bo accepted in the ‘present 
cases, namely that the larger 
corolla m the hermaphrodites and 


males serves to protect their pollen 
from rain. In th^geuus Thymus, 
for instance, the aborted anthers 
of the female are much better 
protected ti<an the perfect ones of 
the hermaphrodite. 
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CHAPTER VIII. 

i 

Gleibtogamic Flowers. 

dooeralchflracter of cleistogaiuio flowers— List of the genera producing 
such flowers, and their distribution in the vegetable series — Viola,, 
description of the cleistogamio flowers iti the seveml species, their 
fertility compared witli that of the perfect flowers — Oxalia 
acvtosella— p. sensitiva* three forms of cleistogamio flowers — Yau- 
dellia — Ononis — Impatiens — Brosera — Miscellaneous observations 
on various other cleistogamio plants — Anemnphilous species produc- 
ing cletbtogamic flowers— Leersia, perfect flowers rarely developed 
— Summary and concluding remarlcs on the origin of cleistogamio 
flowers— The chief conclusions which may be drawn fiom the 
observations in this volume. 

It waSt known even before the time of Linnsens that 
certain plants produced two kinds of dowers, ordi- 
nary open, and minute closed ones ; and this fact 
formerly gave rise to warm controversies about the 
sexuality of plants. These closed flowers have been 
appropriately named cleistogamic by Dr. Kuhn.* 
They are remarkable &om their small size and from 
never opening, so that they resemble buds ; their petals 
are rudimentary or quite aborted ; their stamens are 
often reduced in number, with the anthers of very 
small sfise, containing few pollen-grains, which have 
remarkably thin transparent coats, and generally emit 
their tubetf whilst still enclosed within the anther- 
cells ; and, lastly, the pistil is much reduced in size, 
with the stigma in ‘tome daaes hardly at4tll developed. 
These flowers do not secrete nectar or emit any odour ; 
from their small size, as well as &om the corolla being 
rudimentary, they are singularly inconspicuous. Con- 


* Bot. Zatvmg,’ 1867, p. 65. 
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sequently insects do not visit them ; nor if they did, 
could they find an entrance. Such flowers are therefore 
invariably self-fertilised ; yet they produce an abund- 
ance of seed. In several cases the young capsules 
bury themselves beneath the ground, and* the seeds 
are there mature^ These flowers are developed before, 
or after, or simultaneously witli the perfect ones. 
Their developlnent seems to be largely governed •by 
^the conditions to which the plants are exposed, for 
during certain seasons or in certain localities only 
cleistogamic or only perfect flowers are produced. 

Dr, Kuhn, in the article above referred to, gives a 
list of 44 genera including species which bear flowers 
of this kind. To this list I have added some genera, 
and the authorities are appended in a foot-note. I 
have omitted three names, from reasons likewise given 
in the foot-note. But it is by no means easy to de- 
cide in all eases whether certain flowers ought to be 
ranked as cleistogamic. For instance, Mr. Bentham 
informs mo that in the South of France some of the 
flowers on the vine do not fully open and yet set 
fruit ; and I hear from two experienced gardeners that 
this is the case with the vine .in our hot-houses ; but 
as tho flowers do not appear to be completely closied it 
would be imprudent to consider them as cleistogamic. 
The flowers of some aquatic and marsh plants, ft>r 
instance, of Banunetdm dquatilis, Alima natanSy 
Subularia, Illecebrum, Menyanthes, and Euryale^* 
remain closely shut as long as they are sub-, 
merged, and. in this condition fertilise themselves. 

* Delpino/SuirO^raJaDistri- vol. iii. 1825, p. 157. For the 
buzione dei Sesdi nolle Plante/ Ae. behaviour of Menyanthes in Knssia 
1867, p. 30. Subularia, however, see Gillibert in *Aot. Aoad. St. Pe- 
sometimes has its flowers fully tersb.,* 1777, part ii. p. 45. — On 
expanded beneath the water, see Euryale, * Gardenetrsi Obroniole,* 
Sir J. £. Sinitb, * English Flora,* 1877. p. 280. 
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They behave in this manner, apparently as a protec- 
tion to their pollen, and produce open flowers when 
exposed to the air; so that these cases seem rather 
different from those of true cleistogamic flowers, and 
have not Iteen included in the list. Again, the flowers 
of some plants which are produced very early or very 
late in the season do not properly expand ; and these 
might perhaps be considered as inci^iontly cleisto- 
gamic ; but as they do not present any of the remark- 
able peculiarities proper to the class, and as I hate 
not found any full record of such cases, they are not 
entered in the list. When, however, it is believed on 
fairly good evidence that the flowers on a plant in its 
native country do n^c open at any hour of the day or 
night, and yet set seeds capable of germination, these 
may fairly bo considered as cleistogamic, notwith- 
standing that they present no peculiarities of stnic- 
tnre. I will now give as complete a list of the genera 
containing cleistogamic species as I have beim able 
to collect. 

Table 38. 


Li&t of Oanera including Cleistogamic Species (chief g offer Rnhn')J* 


DTCOTTLEDONS. 

Ki'Urichinin (Uoraginea;). 
Cu»cuta (Oonvolvulaccft). 
Scrophularia (Scrophularincse). 

VandelJii „ 

Cryphiacanthus CAcanthacea:). 
Kranthemum „ 


DICOTYLEDONS. 
Daxlalacanth(L4 (Acanthnccoi). 
Dipfcor.'icanthu.s „ 

vEohmanthera „ 

Kucllia „ 

Lainium (Labiata:). 

Saiyia „ 

Oxyl^aphus (Nyctaginoic). 


1 * I have omitted Xrifolium and Brazil, and could never find such 

Arachis from the list,becQUso ^ fid were. Plantago has been omitted 

Mohl says ('But. Zeitung,’ 1863,' beoatlBeijj^ far fS I can discover it 
p. 312; that the flower-steins produces hermaphrodite and fe- 
merely draw tlie flowejfs beneath male flower-heads, but not cleis- 
tbe ground, and that these do not togamic flowers. Krascheninikowia 
ikppear to be properly cleistogamic. (vd Stellaria) has been omitted 
Correa de l^llo (* Journal Linn, because it seems very doubtful 

See. Bot.' wol. xi, 1870, p. 254) from Maximowicz* description 

, observed plants of Ar^is in whether the lower flowers which 
• « 
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Table 'SS — continued. 


DICOTYLEDONS. 
Nyctaginia ^yctagines). 
Stapelia (Asclepiadae). 
Spccularia (Campanulacesc). 
Campauula „ 

Hottonia (I'rimulaceae). 
Anandria (Corapo&it®).* 
Hcterocarpsa (Crucitar®). 
Viola (V'iolace®). • 
Helianthemum (Cistinc®). 

^ Lechua „ 

Rivonia (Malvace®). 
Gaudirhaudia (Malpighiacc®). 
Aspicarpa „ 

Camarea „ 

Jiiniisia „ 

Polygala (Polygalca*). 
Impatioiis ( BaIsaTniU43<<‘ j, 
OxaJis (GoraniAbtt®). 

Ononis (Loguminob®). 
P.inicha'tus ,, 

(Uuipmannia „ 

Stylos.)nthiis „ 


DICOTYLEDONS. 
Lespedeza (Leguminos®). 
Vicia „ 

Lathyrns ,, . 

Martiusia vel 1 • 

Neurocarpiim | ” 
Amphicarpxa „ 

Glycine „ 

Galactia „ 

Vo.*indzeia „ 

Diosera (Droserace®). 

MONOCOTYLEDONS. 
Juncus (Junco®). 

Loorsia (Grainiiieft). 
^^ordeum „ 
v^rvptostachys „ 

nmelina (Commoline®). 
iuP'>chrria (Pontederace®), 
Schomburgkia (Orcliide®). 
Cattleya „ 

Vlpidendron „ 

Thelymitra „ • 


T>o pot<ils or very siiiall ones, 
a I barren stamoiis or none, are 
cKiistogainic ; tlio upper hermn- 
phrod'tc ilowers are said never to 
produce fruit, and tliertfore pro- 
bi'dy a?t as males. Moreover in 
Su liana gruminca, as Babington 
reimir‘-s British Botany,* 1851, 
p. oJ) <iiorter and longer petals 
accompai y an imperfection of the 
stamens ''r germen.” 

1 have added to the list the fol- 
lowing eases : Several Acanthaeeso, 
for which see J. Scott in ‘ Journal 
of Bot.' .(London), now serict, vol. 
i. 1872, p. 161. With respect to 
Salvia see Dr. Asoherson in * Bot. 
Zeitung,* 1871. p. 555. For Oxy- 
biiphus and Nyctaig:inia 60^' Asa 
Gray in * American Naturunt,* 
Nov. 1873, p. 632. From Dr., 
Torrey’s account of Hottonia' 
in^ta Q Bull, of Tortey Botan. 
Club/ vol. ii. June 1871) it is 
manifest that this plant produces 
true oleistQgamio flowers. For 


Pavonia see Bouchd in ‘ Sitznngs- 
berichie d. Gc8ell>^ch. Nutar. 
Freunde,* Oct. 20, 1874, p. 90. I 
have added Thelymitra, as from the 
account given by Mr. Fitzgerald in 
his mngnilicent work on * Austra- 
lian Orchids * it appears that the 
flowers of this plant in its native 
home never open, but they do not 
appear to bo reduced in size. Nor 
is this the case with the flowers of 
certain species of Efydendron^ 
Cuttleya, &c. (see second edition 
of my * Fertilisation of Orchids,’ 
p. 147), which without expanding 

S roduce capsules. It is therefore 
Qubtful wuethd^ those Orohideaa 
)^ht to l^ve been included in the 
ijit, Fiom what Dtival-Jouvesavs 
about Cirptostaehys in ‘Bdll. 
Soo.Bot. de Franco,' tom. x. 1863, 

S . 195, this ^laiit appears to pro- 
uce oleistogamic flowers. The 
other additions to the list are 
noticed in my text. * « 
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The first point that strikes us in considering this list 
of 55 genera, is that they are very widely distributed 
in the vegetable series. They are more coiQmon in the 
family of the Leguminosee than in any other, and next 
in order jn that of the Acanthacece and Malpighiace£e. 
A large number, but not all the^ species, of certain 
genera, as of Oxalis and Viola, bear cleistogamic as 
well as ordinary flowers. A second point which de- 
serves notice is that a considerable proportion of the 
genera produce more or less irregular flowers ; this is 
the case with about 32 out of the 55 genera, but to this 
subject I lihall recur. 

I formerly made many observations on cleistogami(5 
flowers, but only a few of them are worth giving, since 
the appearance of an admirable paper by Hugo von 
Mohl,* whose examination was in some respects much 
more complete than mine. His paper includes also an 
interesting history of our knowledge on the subject. 

Viola canina , — The calyx of the cleistogamic flowers 
differs in no respect from that of the perfect ones. The 
petals are reduced to five minute scales ; the lower one, 
which represents the lower lip, is considerably larger 
than the others, but with no trace of the spur-like 
nectary ; its margins are smooth, whilst those of the 
other four scale-like petals are papillose. D. Muller of 
^Upsala says that in the specimens which he observed 
the petals were completely aborted.t The stamens are 
very small, and only the two lewer ones are provided 
with anthers^ which do not cohere together as in the 
perfect flowers, ^he anthers are minute, with the two 
cells or loculi remarkably distinct ; they contain very 
little pollen^ in comparison with those of the perfect 

* *Bot. Zeltung/ 1863, p.309- paper contains the first full and 
2$. • euusfaototT account of any oleiato* 

t Ibid. 1857, p, . 730. This gamic flower. 
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flowers. The connective expands into a membranous 
hood-like shield which projects above the anther-cells. 
These two lower stamene have no vestige of the curious 
appendages which secrete nectar in the perfect flowers. 
The three other stamens are destitute of antJlers and 
have broader filamqpits, with their terininal membran- 
ous exjmnsions flatter or not so hood-like as those of 
the two antherifdtous stamens. The pollen-grains have 
r^arkably thin transparent coats; when exposed to 
the W they shrivel up quickly ; when placed in water 
they swell, and are then of an inch in diameter, 
and therefore of smaller size than the ordinary pollen- 
grains similarly treated, which have a diameter of 
of an inch. In the cleistogamic flowers, the 
pollen-grains, as far as I could see, never naturally fall 
out of the anther-cells, but emit their tubes through a 
pore at the upper end. I was able to trace the lubes 
from the grains some way down the stigma. The pistil 
is very short, with the style hooked, so that its ex- 
tremity, which is a little enlarged or funnel-shaped 
and represents the stigma, is directed downwards, 
being covered by the two membranous expansions of 
the antheriferous stamens. It is remarkable that there 
is an open passage from the enlarged funnel-shaped 
extremity to within the ovarium ; this was evident, as 
slight pressure caused a bubble of air, which ha^ been# 
drawn in by some accident, to travel freely from one 
end tp‘ the other : a similar passage was ol^ervcd by 
Michalet in F. aJha. The pistil therefore differs con- 
siderably from that of the p^ect flower ; for in the 
latter it is much longer, and straight with the excep- 
tion of the rectangularly bent stigma ; nor is it per- 
forated by an open passage. 

The ordinary or perfect flowers have been paid by 
some authors never to produce capsules ; but this is an 
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error, though only a small proportion of them do so. 
This appears to depend in some cases on their anthers 
not containing even a trace of pollen, but more gene- 
rally on bees not visiting the flowers. I twice covered 
with a l^et a group of flowers, and marked with threads 
twelve of them which had not as yet expanded. This 
precaution is necessary, for though as a general rule 
^ the perfect flowers appear consideiably before the 
cleistogamic ones, yet occasionally some of the latter 
are produced early in the season, and their capsules 
might readily be mistaken for those produced by the 
perfect fldwers. Not one of the twelve marked perfect 
flowers yielded a capsule, whilst others under the net 
which had been artificially fertilised produced five 
capsules ; and these contained exactly the same aver- 
age number of seeds as some capsules from floAvers 
outside the net which had been fertilised by bees. I 
have repeatedly seen Bomhm horiormi, lapidarrus, and 
a third species, as Avell as hive-bees, sucking the 
flowers of this violet : I marked six which were thus 
visited, and four of them produced fine capsules ; the 
two others uere gnawed off by some animal. I 
watched JBomhus hortormn for some time, and when- 
ever it came to a flower which did not stand in a con- 
venient position to be sucked, it bit a hole through the 
spur-like nectary. Such ill-placed floAvers would not 
yield any seed or leave descendants ; and the plants 
bearing ^em w^ould thus tend ti> be eliminated through 
natural seleption. 

The seeds produced by the cleistogamic and perfect 
flowers do not differ in appearance or number. On 
tAvo occasions I fertilised several perfect flowers with 
pollen from other individuals, and afterwards marked 
some cleistogamic flowers on the same plants ; and the 
result' was that 14 capsules produced by the perfect 
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flowers contained on an average 9*85 seeds; and 17 
capsules from the cleistogamic ones contained 9*64: 
seeds, — an amount of difference of no significance. It 
is remarkable how much more quickly the capsules 
from the cleistogamic flowers are developed th«yi those 
from the perfect ones ; for instance, , several* perfect 
flowers were cross-fiA’tilised on April 14th, 1863, and a 
mouth afterward^ (Slay 15th) eight young cleistogamic 
flowers were marked with threads ; and when the two 
sets, of capsules thus produced were compared on 
June 3rd, tlicre was scarcely any difference between 
them in size. « 

Viola odorala (white-flowered, single, cultivated va- 
riety). — The petiils are represented by mere scales as 
in the last species; but differently from in the last, 
all five stamens arc provided with diminutive anthers. 
Small bundles of j)ollen-tubes were traced fronj the 
five anthers into the somewhat distant stigma. The 
capsules produced by these flowers bury themselves in 
the soil, if it be loose enough, and there mature them- 
stdves.* Lecoq says that it is only these latter cap- 
sules which possess elastic valves; but I think this 
must be a misprint, as such valves would obviously be 
of no use to the buried capsules, but would serve to 
scatter the seeds of the sub-aerial ones, as in the other 
species of Viola. It is remarkable that this plant, ac-* 
(‘ording to Dclpino,t does not produce cleistogamic * 
flowers in one part of Liguria, whilst the perfect flowers 
are there abundantly* fertile ; on the other hand, 
cleistogamic flowers are produced by it *near Turin. 
Another fact is«worth giving ns an instance of corre- 

• Vauoiher says (‘Hist. Phye. des tom. v. 1856, p. 180. • 

Plantes d’Europo. tom. iii. 1844, t * Bull' Opera, la DLtribuzione 
p. :109) that V, hirta aod eoUina del Sessi uelle Piante,* &o., 1867, 
likewise bury tlieir capsules. — p. 30. 

See also Lccoq, ’'Gwgraph. Bot* 
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lated development; I found. on a purple variety^ 
after it had produced its perfect double flowers, and 
whilst the white single variety was bearing its cleisto- 
gamic flowers, many bud-like bodies which from their 
position on the plant were certainly of a cleistogamic 
nature. * They consisted, as could be seen on bisecting 
them, of a dense mass of minute scales closely folded 
over one another, exactly like a cabbage-head in 
« miniature. 1 could not detect any stamens, and in the 
place of the ovarium there was a little central column. 
The doubleness of the perfect flowera had thus spread 
to the cleistogamic ones, which therefore wore ren- 
dered quite sterile. 

Viola hirta . — The five stamens of the cleistogamic 
flowers are provided, as in the last case, with small 
anthers, from all of which pollen-tubes proceed to the 
stigzna. The petals are not quite so much reduced 
as in F. eanina, and the short pistil instead of being 
hooked is merely bent into a rectangle. Of several 
perfect flowers which I saw visited by hive- and humble- 
bees, six were marked, but they produced only two 
capsules, some of the others having been accidentally 
injured. M. Monnier was therefore mistaken in this 
case as in that of F« odorata^ in supposing that the 
perfect flowers always withered away and aborted. He 
states that the peduncles of the cleistogamic flowers 
curve* downwards and bury the ovaries beneath the 
soil.* I may here add that Fritz Muller, as I iiear 
from his brother, has found in fhe highlands of South- 
ern Brazil *a white-flowered species of violet which 
bears subterranean cleistogamic flowers. 

* These stntemeiits are taken to i)ie supposed sterility of the 
from Professor Oliver’s ezeeUent pnrfeot Sowers in this genus see 
article in thu * Nat. Hist. Review/ also Timhal-Lagrave in * Bot. 
July p. 238. With respect Zeitung,' 18G4, p. 772. 



Chap. VIH. 


VIOLA. 


319 


Viola nam. — Mr. Scott sent me seeds of this Indian 
species from the Sikkim Terai, from which I raised 
many plants, and from these other seedlings' during 
several successive generations. They produced an 
abundance of cleistogamio flowers during the yrhole of 
each summer, but never a perfect one. When Mr. Scott 
wrote to me his pla&ts in Oalcuttawere behaving simi- 
larly, though his collector saw the species in flower in 
its native site. ^This case is valuable as showing that 
we ,ought not to infer, as has sometimes been done, 
that a species doss not bear perfect flowers when grow- 
ing naturally, because it produces only cleistogamio 
flowers under culture. The calyx of these flowers is 
sometimes formed of only three sepals; two being 
actually suppressed and not merely coherent with the 
others; this occurred with flve out of thirty flowers 
which were examined for this purpose. The petals are 
represented by extremely minute scales. Of the sta- 
mens, two bear anthers which are in the same state as 
ill the previous species, but, as far as I could judge, 
each of the two cells contained only from 20 to 25 de- 
licate transparent pollen-grains. These emitted their 
tubes in the usual manner. The three other stamens 
bore very minute rudimentary anthers, one of which 
was generally larger than the other two, but none of 
them contained any pollen. In one instance, however, 
a single cell of the larger rudimentary anther in- * 
eluded a little poUen. The style consists of a short 
flattened tube, somewllat expanded at its upper end, 
and this forms an open channel leadiflg into the 
ovarium, as described under V» eaninm. It is slightly 
bent towards the two fertile anthers. * 

Vicila BMAwghioma . — This species bore in my hot- 
house during two years a multitude of cleistogamic 
flowers, which resembled iu all respects those^pf the 
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last species ; but no perfect ones were produced. Mr. 
Scott informs me that in India it bears perfect flowers 
only during the cold season, and that these are quite 
fertile. During the hot, and more especially during 
the raiqy season, it bears an abundance of clcisto- 
gamic flowers. 

Many other species, besides the five now described, 
produce cleistogamic flowers ; this is the case, aceord- 
• ing to D. Muller, Michalet, Von Mohl, and Hermann 
Muller, with K elatior, landfoliat aylvaUca, palustriBy 
mirabiliSy hicclor, ionodium^ and biflora. But F. tricolor 
does not produce them. 

Michalet asserts that F. pcduatris produces near 
Paris only perfect flowers, which are quite fertile ; but 
that when the plant grows on mountains cleistogamic 
flowers are produced; and so it is with F. biflora. 
The same author states that hp has seen in the case 
of F. alba flowers intermediate in structure between 
the perfect and cleistogamic ones. According to M. 
Boisduval, an Italian species, F. Ruppi% never bears 
in France “ des fleurs bien apparentes, ce qui ne rem- 
peche pas de fructifler.” 

It is interesting to observe the gradation in the 
abortion of the parts in the cleistogamic flowers of 
the several foregoing species. ^ appears from the 
statements by D, Muller and Yon^ohl that in F. mi^ 
^rdbUis the caly^ does not remain quiie closed ; all five 
. stamens are provided with anthers, and some pollen- 
grains probably fall out of th^ cells on the stigma, 
instead of protruding their tubes whilst still enclosed, 
as in the other species. In F. hipta all five sta- 
mens are likewise antheriferous; the petals 'are not 
so much reduced and the pistil not so much modified 
as in the following species. In F. nana and elatior 
only jtWo of the stamens properly bear anthers, but 
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sometimes one or even two of the others are thus pro- 
vided, Lastly, in V. canina never more than two of 
the stamens, as far as I have seen, bear anthers ; the 
petals are much more reduced than in V. hirta, and 
according to D. Muller are sometimes quite absent. 

Oxalia acetosdla . — The existence of cllistogamic 
flowers on this plant was discovered by Michalet.* 
They have bo^ fully described by Von Mohl, and -I 
can add hardly anything to his description. In my 
Specimens the anthers of the five longer stamens were 
nearly on a level with the stigmas ; whilst the smaller 
and less plainly bilobed anthers of the^ve shorter 
stamens stood considerably below the stigmas, so that 
their tubes had to travel some way upwards. Ac- 
cording to Michalet these latter anthers are some- 
times quite aborted. In one case the tubes, which 
ended in excessively fine points, were seen by me 
stretching upwards from the lower anthers towards 
the stigmas, which they had not as yet reached. My 
plants grew in pots, and long after the perfect flowers 
had withered they produced not only cleistogamic but 
•s, few minute open flowers, which were in an inter- 
mediate condition between the two kinds. In one of 
these the pollen-tubes from the lower anthers had 
reached the stigmas, though the flower was opeui 
The fov)tstalks of the cleistogamic flowers are much 
shorter than those of the perfect flowers, and* are so 
much bowed downwards that they tend, according to 
Von Mohl, to bury themselves in the moss* and dead 
leaves on the ground. Michalet also says that they 
are often hypogean. In order to aScertain the num- 
ber of seeds produced by these flowers, I marked eig^t 
of them ; two failed, one cast its seed abroad, and the 

* Bull. Soo. Bot, de Franoo/ topi. yii. 1860, p. 
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remaining five contained on an average 10*0 seeds 
per capsule. This is rather above the average 9*2, 
which eleven capsules from perfect fiowers fertilised 
with their own pollen yielded, and considerably above 
the average 7*9, from the capsules of perfect flowers 
fertilised Vith pollen from another plant ; but this 
latter result must, I think, have beeti accidental. 

Hildebrand, whilst searching variou,<^ Herbaria, ob- 
served that many other species of Oxalis besides 0. 
CLcetosella produce cleistogamic flowers;* and I hear 
from him that this is the case with the heterostyled 
trimorphic 4). incarnata from the Capo of Good Hope. 

Oxalis (Biophytum) sensitiva . — ^This plant is ranked 
by many botanists as a distinct genus, but as a sub- 
genus by Benthain and Hooker. Many of the early 
flowers on a mid-styled plant in my hot-house did not 
open properly, and were in an intermediate condition 
between cleistogamic and perfect. Their ^jetals varied 
from a mere rudiment to about half their proper size ; 
nevertheless they produced capsules. I attributed 
their state to unfavourable conditions, for later in the 
season fully exi)anded flowers of the proper size ap- 
peared. But Mr. Thwaites afterwards^ sent me from 
Ceylon a number of long-styled, mid-styled, and short- 
styled flower-stalks preserved in spirits; and on the 
same stalks with the perfect flowers, some of which were 
fully ^panded and others still in bud, there were 
small bud-like bodies containing mature pollen, but 
with themcalyces closed. These cleistogamic flowers 
do not differ 'much in structure from the perfect ones 
of the corresponding form, with the exception that 
tl^eir petals are reduced to extremely minute, barely 
visible scales, which adhere firmly to the rounded 

» ** ^Honatsberiebt dor Akad. der Wias. za Berlin,’ 1866, p. 869. 
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bases of the shorter stamens. Their stigmas are much 
less papillose, and smaller in about the ratio of 13 to 
20 divisions of the micrometer, as measured trans- 
versely from apex to apex, than the stigmas of the 
perfect flowers. The styles are furrowed longitudinally, 
and are clothed with simple as well as glan<fular hairs, 
but only in the cleistogamic flowers produced by the-* 
long-styled awl mid-styled forms. The anthers of tins 
longjt^jr stamens are a little smaller than the correspontf- 
mg ones of the perfect flowers, in about the ratio of 
11 to 14, They dehisce properly, but do not appear 
to contain much pollen. Many pollen^rains were 
attached by short tubes to tlie stigmas ; but many 
others, still adhering to the anthers, had emitted 
their tubes to a considerable length, without having 
come in contact with the stigmas. Living plants 
ought to be examined, as the stigmas, at least«of the 
long-styled form, project beyond the calyx, and if 
visited by insects (which, however, is very improbable) 
might be fertilised with pollen from a perfect flower. 
The most singular fact about the present species is 
that long-styled cleistogamic flowers are produced by 
the long-styled plants, and mid-styled as well as 
short-styled cleistogamic flowers by the other two 
^ forms ; so that there are three kinds of cleistogamic 
and three kinds of perfect flowers produced by this 
one species ! Most of the heterostyled species of 
Oxalis.are more or Igss sterile, many absolutely so, if 
illegitimately fertilised with their own^fofm pollen. 

It is therefore probable that the pollen of the cleisto- • 
gamic flowers has been modified in ‘power, so as to a^t 
on their own stigmas, for they yield an* abundance of 
seeds. We may perhaps account for the cleistogamic 
flowers consisting of the three forms, through the prin- 
ciple of correlated growth, by which the cleistogaAic 
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flowers of tho double violet have been rendered 
double. 

VandeUia nummularifolia. — Dr. Kuhn has collected* 
all the notices with respect to cleistogamic flowers in 
this genus, and has described from dried specimens 
those produced by an Abyssinian species. Mr. Scott 
■sent me from Calcutta seeds of the above common 
Indian weed, from which many plants^ were success- 
ively raised during several years. The cleistogamic 
flowers are very small, being when fully mature undbr 

of an inch (1 • 27 mm.) in length. The calyx does 
not open, aif& within it the delicate transparent corolla 
remains closely folded over the ovarium. There are 
only two anthers instead of the normal number of four, 
and their filaments adhere to the corolla. The cells of 
the anthers diverge much at their lower ends and are 
only of ail inch ( • 181 mm.) in their longer diameter. 
They contain but few pollen-grains, and these emit 
their tubes whilst still within the anther. The pistil 
is very short, and is surmounted by a bilobed stigma. 
As the ovary grows the t^o anthers together with the 
shrivelled corolla, all attached by the dried pollen- 
tubes to the stigma, are tom off and carried upwards 
in the shape of a little cap. The perfect flowers gene- 
rally appear before the cleistogamic, but sometimes 
simultaneously with them. During one season a large 
number of plants produced no perfect flowers. ’ It has 
been asserted that the latter nevpr yield capsules ; but 
this is a mistake, as they do so even when insects are 
excluded. Fifteen capsules from cleistogamic flowers 
09 plants growing unde^ favourable conditions con- 
tained on an average 64*2 seeds, with a maximum of 
87 ; whilst 20 capsules from ^plants growing much 


^ * Bot. Zeitung/ 1S67, p. 65. 
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crowded yielded an average of only 48. Sixteen cap- 
sules from perfect flowers artificially crossed with pollen 
from another plant contained on an average 93 seeds, 
with a maximum of 137. Thirteen capsules from self- 
fertilised perfect flowers gave an average of *62 seeds, 
with a maximum of 135. Therefore t^e cajfsules from 
the cleistogamic* flowers contained fewer seeds than.* 
those from perfect flowers Avhen cross-fertilised, and 
slightly more than those from perfect flowers self- 
*fertilised. 

Dr, Kuhn believes that the Abyssinian F. sessijlora 
does not differ specifically from the foregoing species. 
But its clcistogamic flowers apparently include four 
anthers instead of two as above described. The plants, 
moreover, of F. sessijlora produce subterranean ninners 
which yield capsules ; and I never saw a trace of such 
runners in F. nmimulari/oUa, although many# plants 
were cultivated. 

Linaria spuria. — ^Michalet says* that short, thin, 
twisted branches are developed from the buds in the 
axils of the lower leaves, and that these bury them- 
selves in the ground. They there produce flowers 
not offering any peculiarity in structure, excepting 
that their corollas, though properly coloured, are de- 
formed, These flowers may be ranked as cleistogamic, 
as they are developed, and not merely drawn, beneath 
the ground. 

Ononis cohmnm. — Plants were raised from seeds sent 
me from Northern Italy. The sepals of*the cleisto- 
gamic flowers are elongated and closely pressed to-* 
gether ; the })etals are mueh reduced in size, colour- 
less, and folded over the interior organs. The dla- 
ments of the ten stamens are united into a tube, and 

* * Bull. Soo. Bot, de France/ tom. vii. 1860, p.li68. * 
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this is not the case, according to Von Mohl, with the 
cleistogamic flowers of other Leguminos®. Five of 
the stamens are destitute of anthers, and alternate with 
the five thus provided. The two cells of the anthers 
are minute, rounded and separated from one another 
by connective tissue; they contain but few pollen- 
grains, and these have extremely delicate coats. The 
pistil is hook-shaped, with a plainly enlarged stigma, 
which is curled down, towards the anthers ; it there- 
fore differs much from that of the perfect flower. 
During the year 1867 no perfect flowers were pro- 
duced, but <11 the following year there were both 
perfect and cleistogamic ones. 

Ononis minvMssinia . — My plants produced both per- 
fect and cleistogamic flowers ; but I did not examine 
the latter. Some of the former were crossed with 
pollen from a distinct plant, and six capsules thus ob- 
tained yielded on an average 3 '66 seeds, with a maxi- 
mum of 5 in one. Twelve perfect flowers were marked 
and allowed to fertilise themselves spontaneously under 
a net, and they yielded eight capsules, containing on 
an average 2*38 seeds, with a maximum of 3 in one. 
Fifty-three capsules produced by tlie cleistogamic 
flowers contained on an average 4*1 seeds, so that 
these were the most productive of all ; and the seeds 
themselves looked finer even than those from the 
crossed ‘perfect flowers. According to Mr. Bentham 
0, parvifiora likewise bears clei8ti>gamic flowers ; and 
he informs hie that these flowers are produced by all 
* three efpecies early in the spring ; whilst the perfect 
ones appear afterwards, sCnd therefore in a reversed 
order compared with those of Viola and Oxalis. Some 
of the species, for instance Ononis bear a 

fresh crop of cleistogamic flowers in the autumn. 

Lathy f •us nmdia apparently offers a case of the first 
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stage in the production of cleistogamic flowers, for on 
plants growing in a state of nature, many of the flowers 
never expand and yet produce fine pods. Some of 
the buds are so large that they seem on the point of 
expansion ; others are much smaller, but none so small 
as the true cleistogamic flowers of the •foregoing 
species. As I iflarked these buds with thread and. 
examined them daily, there could be no mistake about 
their producing fruit without having expanded. ' 

•Several other Leguminous genera produce cleisto- 
gamic flowers, d!s may be seen in the previous list ; but 
much does not appear to bo known abou^hem. Von 
Mohl says that their petals are commonly rudimentary, 
that only a few of their anthers are developed, their 
filaments are not united into a tube and their pistils 
are hook-shaped. In three of the genera, namely Vicia, 
Amphicarpaea, and Yoandzeia, the cleistogamic •flowers 
are produced on subterranean stems. The perfect 
flowers of Voandzeia, which is a cultivated plant, are 
said never to produce fruit ;* but wo should remember 
how often fertility is affected by cultivation. 

Impatiena fulva. — Mr. A. W. Bennett has published 
an excellent description, with figures, of this plant.t 
He shows that the cleistogamic and perfect flowers 
differ in structure at a very early period of growth, so 
that the existence of the former cannot be due merely 
to the arrested development of the latter, — a coftclusidh 
which indeed follows from most of the previous de- 
scriptions. Mr. Bennett found on the banks*of the Wey 
that the plants which bore cleistogamic flowers alone* 
were to thos^ beating perfect flo\7ers as 20 to 1 ; but 

* Coma de Mello (*Jonnial African plant, whicli is aometimeB 
Linn. Soo. Boi* Tol. xi 1870, p. cultivate in Brazil. 

254) particularly attended to the t ^ Journal Linn. ^pQ, Bot.’ vol. 

flowering and fruiting of this xiii. 1872, p. 147. * 
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we should remember that this is a naturalised species. 
The perfect flowers are usually barren in England ; but 
Prof. Asa Gray writes to me that after midsummer in 
the United States some or many of them produce 
capsules, e 

Impatie/fta noli-me-tangere . — can add nothing of im- 
^portance to Yon Mohl’s description, excepting that 
one of the rudimentary petals shows a vestige of a 
liectary, as Mr. Bennett likewise found to be the case 
with I. fvlva. As in this latter species all flve stamens 
produce some pollen, though small in amount; a 
single anth«(" contains, according to Yon Mohl, not 
more than 50 grains, and these emit their tubes 
while still enclosed within it. The pollen-grains of the 
perfect flowers are tied together by threads, but not, 
so as far as I could see, those of the cleistogamic 
flowers^ and a provision of this kind would here have 
been useless, as the grains can never be transported 
by insects. The flowers of I, hdbamina are visited by 
humble-bees,* and I am almost sure that this is the 
case with the perfect flowers of J. noli-me-tangere. From 
the perfect flowers of this latter species covered with 
a net eleven spontaneously self-fertilised capsules were 
produced, and these yielded on an average 3*45 seeds. 
Some perfect flowers with their anthers still containing 
an abundance of pollen were fertilised with pollen tium 
a'distinbt plant ; and the three capsules thus produced 
contained, to my surprise, only 2, 2, and 1 seed. As 
J. haltaminti, is proterandrous, so probably is the pre- 
'Sent species ; and if so, cross-fertilisation was effected 
by me at too early’ a peried, and this m&y account for 
thb capsules yielding so few seeds. 

Drosera rotmdi/olia . — ^The first flower-stems which 


H. Miiller, 'Die Befhichtnng/ &o. p. 170. 
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were thrown np by some plants in my green-honse 
bore only cleistogamic flowers. The petals of small 
size remained permanently closed over the repro- 
ductive organs, but their white tips coidd just be 
seen between the almost completely closed sepals. 
The pollen, which was scanty in amount, but not so 
scanty as in Tlola or Oxalis, remained enclosed^ 
within the oifthers, whence the tubes proceeded and 
jpenftratcd the stigma. As the ovarium swelled thb 
Ifttle withered corolla was carried upwards in the 
form of a cap.* These cleistogamic flowers produced 
an abundance of seed. Later in the ffiasou perfect 
flowers appeared. With plants in a state of nature the 
flowers open only in the early morning, as I have been 
informed by Mr. Wallis, who particularly attended to 
the time of their flowering. In the case of D. Angliea, 
the still folded petals on some plants in m]ft green- 
house opened just suflicicntly to leave a minute 
aperture ; the anthers dehisced properly, but the 
pollen-grains adhered in a mass to them, and thence 
emitted their tubes, which penetrated the stigmas. 
These flowers, therefore, wore in an intermediate con- 
dition, and could not bo called either perfect or 
cleistogamic. 

A few miscellaneous observations may be added 
with respect to some other species, as throwing light 
on our subject. Mr. Scott states* that Erahfhemvm 
anAigmm bears thjee kinds of flowers, — large, con- 
spicuous, open ones, which are quite steHle, — others 
of intermediate size, which are o;gen and moderately* 
fertile — ^and lastly small dosed or cleistogamic ones, 
which are perfectly fertile. Bndlia tviheroM, like'^ise 
one of the Acanthacese, produces both open and cleis- 


* 'Jonnml of Botany,’ London, new aeries, toI. i. 1872,*|p. 161-4. 
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togamic flowers ; the latter yield from 18 to 24, whilst 
the former only from 8 to 10 seeds ; these two kinds of 
flowers are produced simultaneously, whereas in several 
other members of the family the cleistogamic ones 
appear only during the hot season. According to 
Torrey and Gray, the North American species of He- 
•Jianthemum, when growing in poor soil, produce only 
cleistogamic flowers. The cleistogamic flowers of 
Specvlaria perfoUata are highly remarkable, as they 
are closed by a tympanum formed by the rudi- 
mentary-corolla, and without any trace of an open- 
ing. The i^amens vary from 3 to 5 in number, 
as do the sepals.* The collecting hairs on the pistil, 
which play so important a part in the fertilisation 
of the perfect flowers, are here quite absent. Drs. 
Hooker and Thomson state f that some of the Indian 
species t of Campanula produce two kinds of flowers; 
the smaller ones being borne on longer peduncles 
^th differently formed sepals, and producing a more 
globose ovary. The flowers are closed by a tym- 
panum like that 'in Sj)ectilaria. Some of the plants 
produce both kinds of flowers, others only one kind ; 
both yield an abundance of seeds* Professor Oliver 
adds that he has seen flowers on Campanula colorata 
in an intermediate condition between cleistogamic and 
perfect ones. 

The solitary almost sessile cleistogamic flowers pro- 
duced by Monochoria vaginalis are differently protected 
from those in any of the previous cases, namely, within 

a short sack formed of the membranous spathe, 

**Von Mohl, *Bot. Zeitung,' of the perfect flower is mostly 
1863, pp. 314 and 323. Pr. Brom- 5-clefl;. 

field 0 Phytologist,' yoL iii. p. f * Journal Linn. Soc.' vol. ii. 
530) also remarks that the calyx 1857, p. 7. See also Professor 
of the olemogamio flowers is Oliver in *Hat. Hist. Review,’ 
usually only 3-cleft, while that 1862, p. 240* 
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without any opening or fissure.” There is only a 
single fertile stamen; the style is almost obsolete, 
with the three stigmatio surfaces directed to one side. 
Both the perfect and cleistogamic flowers produce 
seeds.*' * 

The cleistogamic flowers on some of •the Mal- 
pighiacea) seem <b be more profoundly modified than ^ 
tliose in any #f the foregoing genera. According to 
A. de Jussieu t they are differently situated from the 
perfect flowers ; they contain only a single stamen, 
instead of 5 or*6 ; and it is a strange fact that this 
particular stamen is not developed iui^the perfect 
flowers of the same species. The style is absent or 
rudimentary ; and there are only two ovaries instead 
of three. Tlius these degraded flowers, as Jussieu 
remarks, “ laugh at our classifications, for the greater 
number of the cliaracters proper to the species^ to the 
genus, to the family, to the class disappear.” I may 
add that their calyces are not glandular, and as, 
ac(?ording to Kern^r,t the fluid secreted by such 
glands generally serves to protect fhe flowers from 
crawling insects, which steal the nectar without aiding 
in their cross-fertilisation, the deficiency of the glands 
in the cleistogamic flowers of these plants may perhaps 
be accounted for by their not requiring any such 
protection. 

As the Asclepiadous genus Stapelia is said 1;o pro- 
duce cleistogamic flowers, the following case may be 
worth giving. I have* never heard of the perfect flowers 
of Soya earnosa setting seeds in this coufltry, but some • 
capsules were* produced in* Mr. Rtrrer’s hot-house ; 

• Dr. Kirk, < Jonrn. Linn. Soo. } 'DieSchntzmittelderBlttthen 
vol. viii. 1864, p. 147. gogen nnberufene Gaste/ 1876, 

t * Archives du Museum,’ tom. p. 25. 
iii. 1843, pp. 85-38,82-86,589,598. 
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and the gardener detected that they were the product 
of minute bud-like bodies, three or four of which 
could sometimes be found on the same umbel with the 
perfect flowers. They were quite closed and hardly 
thicker tJian their peduncles. The sepals presented 
nothing particular, but internally and alternating 
^ with them, there were five small flattined heart-shaped 
papillae, like rudiments of petals ; but tke homological 
nature of which appeared doubtful to Mr. Bentham 
and Dr. Hooker. No trace of anthers or of stamens 
could be detected ; and I knew from hUving examined 
many cleistcgamic flowers what to look for. There 
were two ovaries, full of ovules, quite open at their 
U 2 )per ends, with their edges festooned, but with no 
trace of a proper stigma. In all these flowers one of 
the two ovaries withered and blackened long before 
the- other. The one perfect capsule, 3^ inches in 
length, which was sent me, had likewise been de- 
veloped from a single carpel. This capsule con- 
tained an abundance of plumose s^eds, many of which 
appeared quite ^ sound, but they did not germinate 
when sown at Kew. Therefore the little bud-like 
flower which produced this caj)sule probably was as 
destitute of pollen as were those which I examined. 

Jimem hufonim and Hordeum . — All the species 
hitherto mentioned which produce cleistogamic 
flowers*' are entomophilous ; but four genera,. Juncus, 
Hordeum, Cryptostachys, and Leersia are anemophi- 
lous. Junem hufomua is remarkable* by bearing in 
. parts of Busifla only cleistogamic flowers, which con- 
tain three instead* of the six anthers ^found in the 
perfect flowers. In the genus Hordeum it has been 


* See Dr. Ascherson’s interesting paper in *Bot. Zeitnng/ 1871, 
p. 551. « 
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shown by Delpino* that the majority of the flowers are 
cleistogamic, some of the others expanding and ap- 
parently allowing of cross-fertilisation. I hear from 
Fritz Muller that there is a grass in Southern Brazil^ 
in which the sheath of the uppermost leaf^ half a 
metre in length, envelopes the whole paiticle; and 
this sheath nevef opens until the self-fertilised seeds^ 
areiripe. On^he roadside some plants had been cut 
^(lown, whilst the cleistogamic panicles were developf>^ 
i]lg, and these plants afterwards produced free or un- 
enclosed pauiefes of small size, bearing perfect flowers. 

Leersia oryzoides . — It has long bee^known that 
this plant produces cleistogamic flowers, but these were 
first described with care by M. l)uval-Jouve.t I pro- 
cured plants from a stream near EeigatjB, and cultivated 
them for several years in my green-house. The cleis- 
togainic flowers are very small, and usually mature 
their seeds within the sheaths of the leaves. These 
flowers are said by Duval-Jouvo to be filled by slightly 
viscid fluid ; but this was not the case with several 
that I opened; but there was a thin film of fluid 
between the coats of the glumes, and when these were 
pressed tlie fluid moved about, giving a singularly 
deceptive appearance of the whole inside of the flower 
being thus filled. The stigma is very small and the 
filaments extremely short ; the anthers are less than 
^ of an inch in length or about one-third of the 
length of those in the perfect flowers. One of the 
three anthers dehisces before the two others. Can 
this have any relation with the fact that*in som6 other* 

* ‘ BoHettini del Gomizio ag:m- on Hoideum, in *Monatsbericlit d. 
rio Parmenee.' Marzo e Aprile, K.Akad.Berlin,*Oct. 1872, p. 760. 
1871. Anabiitractof this valuable t ^lluU. Dot. Soo. de France,’ 
paper is given in *Dot. Zeitun^,’ tom. z. 1863, p. 194.^ 

1871* p. 037. See also Hildebrand 
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species of Leersia only two stamens are fully de- 
veloped?* The anthers shed their pollen on the 
stigma ; at least in one instance this was clearly the 
case, and by tearing open the anthers under water 
the graiiw were easily detaclied. Towards the apex of 
the anthePthe grains are arranged in a single row and 
lower down in two or three rows, so that they could be 
counted ; and there were about 35 in each cell, o? 70 
Jn the whole anther ; and this is an astonishingly small 
number for an anemophilous plant. The grains have 
very delicate coats, are spherical and‘'about y of 
an inch (‘OlSi mm.), whilst those of the perfect flowers 
are about of an inch (*0254 mm.) in diameter. 

M. Duval-Jouvc states that the panicles very rarely 
protrude from their sheaths, but that when this does 
happen the flowers expand and exhibit well-developed 
ovaries^ and stigmas, together with full-sized anthers 
containing apparently sound pollen ; nevertheless such 
flowers are invariably tpite sterile. Schreiber had pre- 
viously observed that if a panicle is only half protruded, 
this half is sterile, whibt the still included half is 
fertile. Some plants which grew in a large tub of 
water in my green-house behaved on one occasion in a 
very different manner. They protruded two very 
large much-branched panicles ; but the florets never 
opened, though these included fully developed stig- 
nfas, anti stamens supported on long filaments with 
large anthers that dehisced properly. If these florets 
had opened* for a short time unperceived by me and 
«had then closed again, the empty anthers would 
have been left daiigling cutside. Nev^theless they 
yielded on August 17th an abundance of fine ripe 
seeds. Here then we have a near approach to the 


* ^ Manual of Bot of United States,’ 1856, p. 540. 
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single case* as yet known* of this grass producing in a 
state of nature (in Germany) perfect flowers which 
yielded a copious supply of fruit. Seeds from the cleis- 
togamic flowers were sent by me to Mr. Scott in 
Calcutta, who there cultivated the plants in various 
ways, but they never produced perfect flowers. 

In Europe Leiraia oryzoides is the sole representa-. 
tivc of its gojius, and Duval-Jouvo, after examining' 
several exotic species, found that it apparently is th^ 
^gle^one which bears cleistogamic flowers. It ranges 
from Persia to North America, and specimens from 
Pennsylvania resembled the European jjnes in their 
concealed manner of fructification. There can there- 
fore be little doubt that this plant generally propa- 
gates itself throughout an immense area by cleisto- 
gamic seeds, and that it can hardly ever be invigorated 
by cross-fertilisation. It resembles in this respect 
those plants which arc now widely spread, though they 
increase solely by asexual generation.f 

(hnelvding Remarks on Cleistogamic Flowers . — That 
these flowers owe their structure primarily to the 
arrested development of perfect ones, we may infer 
from such cases as that of the lower rudimentary petal 
in Viola being larger than the others, like the lower 
lip of the perfect flower, — from h vestige of a spur in 
the cleistogamic flowers of Impatiens, — ^from the ten 
stamens of Ononis being united into a tube, — and 
other such structures. The same inference may be 
drawn from the occirrrence, in some insta^ties, on the 
same pljfnt of a series of gradations • between the, 
cleistogamic and perfect flowers. But that the former 
owe their origin wholly to arrested development ^is 

* Dr. AaolieT8on,*Bot.Zeitung,* cases in my 'Variation under 
1864, p. 350. Domestication/ ch. xyiii.— >2n4 

t 1 Wve collected several such edit. vol. ii. p. 158. - 
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by no, means the case; for Tarions parts Wve been 
specially modified, so as to aid in the self-fertilisation 
of the flowers, and as a protection to the pollen ; for 
instance, the hook-shaped pistil in Viola and in some 
other genera, by which the stigma is brought close 
to the fertile anthers, — ^the rudimentary corolla of 
^Specularia modified into a perfectly olosed tympanum, 
and the sheath of ]!l(fonochoria modified,.into a olosed 
sack, — ^the ezcessiyely thin coats of the pollen-grams, 
— ^the anthers not being all equally aborted, and dthcr' 
such cases. MoreoTor Mr. Bennett has shown that 
the buds^of^the cleistogamic and perfect flowers of 
Impatiens differ at a very early period of growth. 

The degree to which many of the most important 
organs in these degraded flowers have been reduced 
or even wholly obliterated, is one of their most re- 
markable peculiarities, reminding us of many parasitic 
animals. In some cases only a single anther is left, 
and this contains but few pollen-grains of diminished 
size ; in other cases the stigma has disappeared, 
leaving a simple open passage into the ovarium. It 
is also interesting to note the complete loss of t rifling 
points in the structure or functions of certain parts, 
which though of service to the perfect flowers, are of 
none to the cleistogamic ; for instance the collecting 
hairs on the pistil of Specularia, the glands on the 
calyx of the Melpighiacese, the nectar-secreting ap- 
pendages to the lower stamens of Viola, the secretion 
of nectar by other parts, the emis&ion of a sweet odour, 
,and apparenlfly the elasticity of the valves in the 
buried capsules of Viola ^odorata, We> here see, as 
throughout nature, that as soon as any part or 
character becomes superfluous it tends sooner or later 
to disappear. 

Anot])^ peculiarity in these flowers is that the 
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pQllen-grams generally emit their tubes irhilst still 
enclosed within the anthers; but this is not so re> 
markable a fact as was formerly thought, when the 
case of Asclepias was alone known.* It is, however, 
a wonderful sight to behold the tubes directing them- 
selves in a straight line to the stigma, Vhen this 
is. at some little distance f^om the anthers. As< 
soon as they«reach the stigma or the open passage 
leading into the ovarium, no doubt they penetrate it' 
gyidied by the same means, whatever these may bo, 
as in the ca8e*of ordinary flowers. 1- thought that 
they might be guided by the avoidance o^light : some 
pollen-grains of a willow were therefore immersed in 
an extremely weak solution of honey, and the vessel 
was placed so that the light entered only in one di- 
rection, laterally or from below or from above, but the 
long tubes were in each case protruded in, every 
possible direction. 

As cleistogamic flowers are completely closed they 
are necessarily self-fertilised, not to mention the 
absence of any attraction to insects;* and they thus 
differ widely from the great majority of ordimury 
flowers. Delpino believes t that cleistogamic flowers 
liave been developed in order to eiuure the production 
of seeds under climatic or otlier conditions which tend 


* Tim case of Asclrpiag vrasde- 
soribed'by R. Brown. Baillon as- 
serts O^dansunia,’ tom. ii. t862, 
p. 58) that whh many plants the 
tubes are enTifett^d from pollen- 
gmins which have ^ot come into 
contact with the btiprma ; and that 
they mdy be seen advancing hori- 
zontally tlirough the air towards 
tlie stigma. 1 have observed the 
ejuissiun of the tubes from the 


pollen-masses whilst still within 
tiie antiiers, in three widely distinct 
Orchidean genera mtknelyAceras, 
Malaxis, and Ne^ttia: setf^The 
Vorious Contrivances by which 
Orchids Fertilised,’ 2nd edit, 
p. 258. « 

t * SuU’ Opera la Bistribuaione 
dei 8essi nelle Piante,’ 18U7» 
p.30. 
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to prevent the fertilisation of the perfect flowers. I do 
not doubt that this holds good to a certain limited extent, 
but the production of a large supply of seeds with little 
consumption of nutrient matter or expenditure of vital 
force is probably a far more efficient motive power. 
The whole^flower is much reduced in size ; but what 
* is much more important, an extremeiy small quantity 
of pollen has to be formed, as none is lost through, the 
action of insects or the weather ; and pollen contains 
much nitrogen and phosphorus. Yon Mohl estiniated 
that a single cleistogamic anther-cell ’'of OxaJis aceto- 
sella contained from one to two dozen pollen-grains; 
we will say 20, and if so the whole flower can have 
produced at most 400 grains; with Impatiens the 
whole number may bo estimated in the same manner 
at 250 ; with Leersia at 210 ; and with Vida nana at 
only 100. These figures are wonderfully low com- 
pared with the 243,600 pollen-grains produced by a 
flower of Leontodon, the 4,863 by an Hibiscus, or the 
3,654,000 by a Pmony.* We thus see that cleisto- 
gamic flowers [iroduce seeds with a wonderfully small 
expenditure of pollen ; and they produce as a general 
rule quite as many seeds as the perfect flowers. 

That the production of a large number of seeds is 
necessary or beneficial to many plants needs no evi- 
dence. So of course is their preservation before they 
are ready for germination ; and it is one of * the many 
remarkable peculiarities of the plants which bear 
cieistogaiiiic flowers, that an incomparably larger pro- 
portion of them than of ordinary plants ^ury their 
young ovaries ih the ground;— an action which it 
inay be presumed serves to protect them from being 


* The authorities for these statements aie given in my * EtTects of 
Crdss ahd Self-Fertilisation.’ p. 37a 
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devoured by birds or other enemies. But this advan* 
tage is accompanied by the loss of the power of wide 
dissemination. No less than eight of the genera 
in the list at the beginning of this chapter include 
specieS' which act in this manner, namely, several 
kinds of Viola* Oxalis, Vandellia, Linaria, Odmmelina, 
and at least thre0 genera of Leguminosae. The seeds ^ 
als(j of Leersia, though not buried, are concealed in 
the most perfect manner within the sheaths of thS 
leaves. Cleistogamic flowers possess great facilities 
for burying thdir young ovaries or capsules, owing to 
their small size, pointed shape, closed m)ndition and 
tlie absence of a corolla ; and we can thus understand 
how it is that so many of them have acquired this 
curious habit. 

It has already been shown that in about 32 out of 
the 55 genera in the list just referred to, the perfect 
flowers are irregular ; and this implies that they have 
been specially adapted for fertilisation by insects. 
Moreover three of the genera with regular flowers are 
adapted by other means for the sam0 end. Flowers 
thus constructed are liable during certain seasons to 
be imperfectly fertilised, namely, when the proper 
insects are scarce ; and it is difficult to avoid the 
belief that the })roduction of cleistogamic flowers, 
which ensures under all circumstances a full supply 
of seed, has been in part determined by the ^wjrfecl 
flowers being liable to fail in their fertilisation. But 
if this determining c&use be a real one, it must be of 
subordinafte importance, as four of the genera m the 
list are fertililied by the wind; aiftl there seems no 
reason why their perfect flowers should fail to Us 
fertilised more frequently than those in any other 
anemophilous genus. In contrast with what we here 
see with respect to the large proportion of thb»perfect 

z 2« 
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flowers being irregular, one genus alone out of the 38 
heterostyled genera described in the previous chapters 
bears such flowers ; yet all these genera are absolutely 
dependent on insects for their legitimate fertilisation. 
I know not how to account for this difference in the 
proportion^of the plants bearing regulai; and irregular 
« flowers in the two classes, unless it be that the hetero- 
styl^^^i flowers are already so well adapted for cross-jfer- 
filisation, through the position of their stamens and 
pistils and the difference in power of their two of 
three kinds of pollen, that any additional adaptation, 
namely, through the flowers being made irregular, 
has been rendered superfluous. 

Although cleistogamic flowers never fail to yield 
a large number of seeds, yet the plants bearing them 
usually produce perfect flowers, either simultaneously 
or mare commonly at a different period ; and these 
arc adapted for or admit of cross-fertilisation. From 
the cases given of the two Indian species of Viola, 
which produced in this country during several years 
only cleistoganric flowers, and of the numerous plants 
of Vandellia and of some plants of Ononis which 
behaved during one whole season in the same manner, 
it appears rash to infer from such cases as that of 
Salvia eleUtogama not having produced perfect flowers 
during five years in Germany,* and of an Aspicarpa 
not hdving done so during several years in Paris, that 
these plants would not bear perfect fiowers’in their 
native homos. Von Mohl and Several other botanists 
liave^ repeatedly insisted that as a general rule the 
perfect flowers jtroduced by cleistogamic plants are 
sterile ; but it has been shown under the head of the 
several species that this is not the case. The perfect 


Dr. Aacbenun, * Bot. Zelt.* 167L P- 
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flowers of Viola are indeed sterile unless they are 
visited by bees ; but when thus visited they yield the 
full number of seeds. As far as I have been able to 
discover there is only one absolute exception to the 
rule that the perfect flowers are fertile, n^ely, that 
of Yoandzeia ; aj^d in this case we should remember 
that cultivation often affects injuriously the repre^^ 
dudiive organs. Although the perfect flowers of 
tL^ersia sometimes yield seeds, yet this occurs so 
rarely, as far a# hitherto observed, that it practically 
forms a second exception to the rule. ^ 

As cleistogamic flowers are invariably fertilised, and 
as they are produced in large numbers, they yield 
altogether a much larger supply of seeds than do 
tlie perfect flowers on the same plant. But the latter 
flowers will occasionally be cross-fertilised, and their 
offspring will thus be invigorated, as we may infer 
from a wide-spread analogy. But of such invigoration 
I have only a small amount of direct evidence: two 
crossed seedlings of Ononis minutissim^ were put into 
competition with two seedlings raised from cleisto- 
gamic flowers ; they were at first all of equal height ; 
the crossed were then slightly beaten ; but on the fol- 
lowing year they showed the usual superiority of their 
class, and were to the self-fertilised plants of cleisto- 
gamic origin as 100 to 88 in mean height.^ With 
Vandellia twenty crossed plants exceeded in height 
twenty plants raised, from cleistogamic seqds only by 
a little, i^iely, in the ratio of 100 to 94% • 

It is a natural inquiry how so iqp.ny plants belong- 
ing to various very distinct ^families first came to have 
the development of their flowers arrested, so as ulti* 
mately^to become cleistogamic. That a passage from 
the one state to the other is far from dif&cult^is shown 
by the many recorded cases of gradations bdtw^n' the 
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two states on the same plant, in Viola, Oxalis, Biophy* 
turn. Campanula, &c. In the seTeral species of Viola 
the yarious parts of the flowers have also been modified 
in very different degrees. Those plants which in their 
own connl^y produce flowers of full or nearly full size, 
but never expand (as with Thelym^tra), and yet set 
'fruit, might easily be rendered cleistogamic. Laihyrua 
ifissolia seems to be in an incipient transitional state, 
as does Droaera Anglioa, the flowers of which are. not 
perfectly closed. There is good evidepce that flowers 
sometimes fail to eximnd and are somewhat reduced 
in size, owing to exposure to unfavourable conditions, 
but still retain their fertility unimpaired. Linnieus 
observed in 1753 that the flowers on several plants 
brought from Spain and grown at TJpsala did not 
show any corolla and yet produced seeds. Asa 
Gray has seen flowers on exotic plants in the North- 
ern United States which never expanded and yet 
fruited. With certain English plants, which bear 
'flowers during nearly the whole year, Mr. Bennett 
found that those produced during the winter season 
were fertilised in the bud ; whilst with other species 
having fixed times for flowering, but "which had 
been tempted by a roUd January to put forth a tew 
wretched flowers,” no pollen was discharged from the 
authen^ and no seed was formed. The flowers of 
I/yaimaehia wHgaria if fully exposed to the sun expand 
properly, while those growing ip shady ditches have 
smaller coroUas which open only slightly ; ^d these 
two forms graduatp into one another in intermediate 
stations. Herr Bouch4’s bbservations are of especial 
interest, for he shows that both temperature and the 
amount of light affect the size of the corolla ;^and he 
gives measurements proving that with some plants 
the corolht is diminished by the increasing cold and 
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darkness of the changing season, whilst with others 
it is diminished by the increasing heat and light.* 

The belief that the first step towards flowers being 
rendered cleistogamic was duo to the conditions to 
which they were exposed, is supported by the fact 
of various plants belonging to this class either not pro- 
ducing their cleistogamic flowers under certain con^i-* 
tions, or, on*the other hand, producing them to the 
, complete exclusion of the perfect ones. Thus some 
species of Vio^a do not bear cleistogamic flowers when* 
growing on the lowlands or in certain districts. Other 
plants when cultivated have failed to produce perfect 
flowers during several successive years; and this is 
the case with Junous bufomus in its native land of 
liussia. Cleistogamic flowers are produced by some 
species late and by others early in the season ; and this 
agrees with the view that the first step towards their de- 
velopment was duo to climate ; though the periods at 
which the two sorts of flowers now appear must since 
have become much more distinctly defined. We do not 
know whether too low or too high a temperature or the 
amount of light acts in a direct manner on the size of 
the corolla, or indirectly through the male organs being 
first affected. However this may be, if a plant were 
prevented either early or late in the season from fully 
expanding its corolla, with some reduction in its size, 
but with no loss of the power of self-fertilisation, then 
natural selection might well complete th^ work and 

* For tlie statement by LiDnnuB, p. 543) *‘that wben the antnmxf 
see Mobl in * RcA. Zeituug/ 1863^ ^ draws oii, and habitually in winter 

S . 327. Asa Gray, 'American for such of our wild flowers as 
ournid of Science/ 2nd series, blossom at that season,*^ the flolrers 
vol. xxxixk 1855, p. 105. Bennett are self^fertilised. On Lysima- 
in * Nature/ Not. 1869, p. 11. cliia, H. MUUer, 'Nature,' Sept 
The Rev. G. Uenslow also says 1873, p. 433. Bouche, ' Sitzungs- 
('Gardener’s Clironicle,' 1877, p. berioht der GeBell^Naturforsch. 
271 : also * Nature/ Oet. 19, 1876, Freunde/ Oct 1874, f, 90. 
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render it strictly cleistogamic. The various organs 
would also, it is probable, be modified by the peculiar 
conditions to which they are subjepted within a com- 
pletely closed flower ; also by the principle of corre- 
lated growth, and by the tendency in all reduced 
organs finafiy to disappear. The result would be the 
p^duction of cleistogamic flowers such as we now 
see them; and these are admirably fitted to yield a 
copious supply of seed at a wonderfully small cost to 
the plant. ^ 

I will now sAm up very briefly the chief conclusions 
which seem to follow from the observations given in 
this volume. Cleistogamic flowers aflbrd, as just 
stated, an abundant supply of seeds with little ex- 
penditure ; and we can hardly doubt that they have 
had their structure modified and degraded for this 
special purpose ; perfect flowers being still almost al- 
ways produced so as to allow of occasional cross-fertilisa- 
tion. Hermaphrodite plants have often been rendered 
monoocious, dimeibus or polygamous ; but as the sepa- 
ration of the sexes would have been injurious, had not 
pollen been already transported habitually by in- 
sects or by the wind from flower to flower, we may 
assume that the process of separation did not com- 
mence and was not completed for the sake of the 
advantages to be gained from cross-fertilisation.. The 
sole motive for the separation qf the sexes which 
occurs to me^ i^ that the production of a great ^number 
6f seeds might become superfluous to a jjlant under 
changed conditions of life ; atod it might then be highly 
berfeficial to it that the same flower or the same indi- 
vidual should not have its tital powers taxed, ^under 
the struggle for life to which all organisms are sub- 
jected, by producing both pollen and seeds. With 
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respect to the plants belonging to the gyno-dioecions 
sub-class, or those which co-exist as hermaphrodites 
and females, it has been proved that they yield a 
much larger supply of seed than they would have 
done if-they had all remained hermaphrodites ; and we 
may feel sure^from the large number of seeds pro- 
duced by njany plants that such production is often 
necessary or advantageous. It is therefore probable 
Jthat. the two forms in this sub-class have been sepa-^ 
rated or developed for this special end. 

Various hermaphrodite plants havejbecome hetcro- 
styled, and now exist under two or three forms ; and 
•we may confidently believe that this has been effected 
in order that cross-fertilisation should be assured. 
For the full and legitimate fertilisation of these plants 
pollen from the one form must be applied to the 
stigma of another. If the sexual elements belonging 
to the same form are united the union is an illegiti- 
mate one and more or less sterile. With dimorphic 
species two illegitimate unions, an(^ with trimorphic 
species twelve are possible. There is reason to believe 
that tlie sterility of these unions has not been specially 
acquired, but follows as an incidental result from the 
sexual elements of the two or three forms having been 
adapted to act on one another in a particular manner, 
so that any other kind of union is inefficient, like 
that between distinct species. Another and still more 
remarkable incidental result is that thd seedlings 
from ai^ illegitimate union are ofteuP dwarfed anc^ 
more or less .or completely barrel^ like hybrids from 
the union of two widely distinct species. 
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mission of form and colour, 225 ; 
seedlings, 227 ; P. veris, 228 ; 
dwarfed stsiture and sterility, 
229-234; oqual-stylcd varietieH, 
234, 238; parallelism between 
illegitimate fertilisation and hy- 
bridism, 242 
J72ere&rum, 311 

Impatiens. pollen<grains of, S38 

halsamina, 328 

fulv^ 327 

noli-me-iangere, 828 

t 

t 

Juglans regia. Id 
' Juncus hujonhts, 332, 843 
Jussieu, A. de, on MalpighiacesB, 
y 381 

X. 

Eemer, Prof., on ray-floiets, 6 ; Auri- 
cula, 43 ; hybrid forms of Primula, 
55, 73; on use of hairs within 
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tilo corolla, 128 ; size'of corolla in 
male flowers, 309 ; use of glands 
as a protection to flowers, 331 
Eiik, Dr., on Monochoria vagutolis^ 
331 

Knoxia^ 1.35 

Koch on Primula lomifiwa^ 50 
KrcLsclienimhmBiiXy 912 
Kulin, Dr., on cieiatogamio flowers, 
35 310, 311; list of plants pro- 
ducing differently formed seeds, 

' • S)* hctcrfMityled plants, 244 ; Van- 
dellia nummidafifolia, 324; T. 
sessiftoruj 325 

L. 

iMgenarocmia Indtca, 167 

parvf flora, 168 

reginai, 168 

Lathyrm nmolia, 326, 342 
Lc<x>q, H., on tlie.coniwion innjile, 
J2; cowslips and primroses, 67; 
Primula elaiior, 72 ; Liuum Aus- 
Irtafium, 98 ; Lythrum hysmpi- 
folia, 166 ; lihamnus, 296 ; gyiio- 
dicecious plants, 299; Senhiom 
succisa, 305 ; Vio/a odorata, 317 
Leersia oryzoidei, 333-335 ; pollen- 
grains of, 338 

Leggett, Air., Pontoderia cordata, 
187 j 

Legitimate unions, suininary on tlie 
ferti 1 ity of tbe two, compared with < 
that of tiie two illegitimate in Pri- ; 
muht, 46-49; feiiility of, com- 
pared with illcgitiiunte, 246 • 

Leighton, Itev. W. A., on the cow- 
slip and primrose, 56 ; Veiiniacum 
virgatum, 78 

I/Kmifjdon, pollen-grains, 338 j 

LefltosipJion, 119 j 

Leucoimia'§icuminata, 114 I 

^urTist^tana, 1 14 ; stigma, 263 

liily, tho Cilorinaa, 246 * , 

IdmnarUhemum Indteum, 116; pol- • 
len-grains, 250; anthers, 252 ; 

Littaria spuria, 325 / | 

Lindley en Frofloria elatior, 293 i 
liiunsBua on Primula ueri$^ ndyorui, ^ 
and datwr, 56 • 

' Lmvm angiukifdiium^ 100 


UEKYANTHES. 

Linum Auslriacum^ 97 

caiharticum, 100 • 

coryTnbiferum, 100 

flavum, 81, 98; stamens, 252 

grandiflorum^ 81 ; various ox- 

penmonti^ 87-99, 96; pistils and 
stamens, 253, 254 ; sterile with its 
own-form phllen, 264, 266 * 

Lewisii, 101 ^ 

perenne, 90; thraion the 

styles, 95; long-st>led form, 97; 
stigma, 247 * 

aalwloides, 100 

trigynum, 100 

- usitati^'mum, 100 
TApostoma, 184 
Lysirnaciiia vulgaris, 4, 342 
Lythrum Ormfferi, 165 

hyssopifolia, 166 

— saliearia, 116, 137 ; jxiwer of 
mntiial tertillsation between the 
three forms, 149-157; summary 
of results, 157-165^ illegitimate 
offspring fitjm the three forms, 
191-2U3 ; concluding remarks on, 
203-211 ; mid-sty led form, 241, 
257,258,280; sreds, 248 
ihymifoUa, 165 


M. 

Malpighiao6», 831 
Manettia Idcohr, 135 
Maplq, the common. 12 
Marshall, W., on Primula elatior, 
73; Plantagolanreolata,808 
Mastei^ Dr. MaxwtU, on efleistu- 
gc^ic flowero, 3 , 

Maximowicz on Krascheninikoioia, 

. 312 , • 

Meehan, Mr.^ on Mitgkella, 285; 

Fpigiea repens, 297 • 

Melissa clinipodfum, 299 

cflicinaiis, 299 

Mello, Oortea de, on ArackiiL 312 ; 

Voandzeia, 327 ^ 

Uentha aquaiica, 299 

hirsuta, 298 

— r vulgaris, 298 « 

Mewyaiitnes, 311 
— tri/oliaUi, 115 
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UICHALET. 

Michalet on OacdUa aceioaeUdj 321 : 

Linaria*8nuria, 325 
MitcheUai 285 
— repeuBf 125 

Mohl, H. von, on the common 
cowslip, 14 ; size of corolla in the 
Mxes of the same species. 307, 
WI^Trifoltum and Arachis^ 312 ; 
cleistogamic flowers, 314, 342; 
OsSixliB ocetoaelkLj 321 ; Impafiena 
n(Ai-me-tangeret 320; Sjpeeukiria 
•perfoUata^ 330 
Mollfa lep*Ma, 168 

apeeioaa, 168 

Bfonnier, M., on VioUxi 318 
Mfmochoria vaginalia^ 330 
Mulbeny, tlie/lO 
M tiller, i)., on Vida canina^ 814 
MtiUer, Fritz, on pollen of the Ftf- 
laraia, 116; Fammea^ 128-130; 
Poaoqueria fraqranSt 131 ; Nesfva, 
167 ; Oxalia, 180, 181 ; Pontederia^ 
183-185; /Jxalia Pegnelli, 212; 
Ckamiaaoa. 292 

MiiDer, 11., on the frequency of 
visits by insects to the Umhdli- 
fertB and Comitoaitx^ 5 ; on dicho- 
gamy, 10; on Anthophora and 
Boiahylim sucking tlv) cowslip, 
22 ; Primula elatior^ 32 ; P, viUcaa, 
49; lloitonia paluatria^ 51 ; table 
of relative fc^ility of, 52, 53; 
lAnum caihariieum, 100; Pdy^ 
gonum fagopyrum^ 113; Lythrum 
aalicaria, 145; on the origin of 
hetciostylism, 2(^; on tho Xfo- 
hiatae 299,304; Thymuaierpyllutn, 
300; ScabiBaa artenaiSf 305 : Plan- 
tago lanceclata, 306; size of oo- 
lolla in the tW2 sexes of the same 
species, 308 ; Smpatiena halaor 
mina, 328 : 343 

Myoaotia, 308 

fi 

gUehomOf 801 
^jRsro, 285 

iihma vertiriUatOj 167 ^ ,, 

Ndana proairtt^ variability in 
length of sfbmens and pis^ 261 
N^gei^inia, 313' 


rbLBMONlACEiB. 

0 . 

Oldenlandia, 132 
OUaeeas^ 117 

Oliver, Prof., on ovules of Primula 
osrts. 17; F7o2a, 318; Campanula 
Cfdornta^ SSfl* 

Ononis columnaa, 3i^5 

minutiasima^ 326, 341 

parviflora^ 326 

Origanum mdgare^ 298 
Oxalia aaetnapAla^ 181, 182 ; pistil of, 
261 ; cleistoganuo flowers, 321 ; 
pollen-grains, 338 

Boujiii 179 

eompream^ 179 

— comiculatat 181 

Deppei, 179 

hedyaarnidest 213 

homostyled species, 181 

incav^ata, 322 

Befftidli, 173-175, 212 

roaea, 178, 213 

(Biopliytum) aenaititaj 181, 

322; stigma, 253 

apeciosa^ 169, 175, 212 

stneta, 181, 182 

trmxoloidea, 182 

Vaidiviana, 170-172. 211, 212 

Oxlip, the Bard well, 32, 72 
— the common, 55; differences 
in structure and function between 
the two parent-speeics, 56 ; effects 
of crossing, 60 ; a hybrid between 
tho cowslip and primrose, 70 
Oxyhaphua, 313 

P. 

Pteony.'pollen-gniius of, 338 ^ 
Parallelism between ilWitimatc and 
hybrid fertilisation, 2(l9 
Pavonia, 318 < 

' Phlox Hemizii^ 120 

— nivaliSf 320 

^ auhulata, 119, 287 

\?lanchon on Linum aaladoidea, 100; 

L. JjOvMi, 101 : on Htigonia^ 100 
Planiago lanoeolakt, 306 

media, 307 • 

Polemaniaeem, 118 
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POLLEN-ORA1N8. 

Pollen-grains, telat^ra diameter of. 
249 

Polyanthus, 18 
PolygonaceXf 111 
Polygonum Instorta^ 114 

111, 239; pollen- 

gniins, 251 * 

Poatederia, 183 ; polliki-gramB, 186 ; 
size of nnther8^52 
-icorda^, 187 
Posoqueria fragrans, 131 
«P(linro8e, the common. 34, 57-71 
Primula, the. heton^tyled species of, 
14; BumniHry on, 45-49; homo- 
stylod spociw, 49 

aurimla, 30, 43, 48, 74, 223 

equal-styled varieties, 273 

oortusoideH, 44 

data, 49 

nhitior, Jacq., 32 ; relative fer- 
tility Iff tlie two forms, 33, 47 ; 
not a liybrid, 72. 73 ; cwil-Btyled 
var. of, 224, 273 

farinom, 45 ; equal-styled var., 
224, 273 

hirsuta, 74 

involucrata, 45 

— longifiora, 50 

nrudlin, 49. 60 

Scotica, 49, 50 

Sihirioa, 49 

SlkitimemU, 44, 47 

Sinomis, 22, 30, 38 ; relative 

fertility, 39-43, 47, 49; long- 
styled, 213; sUort-styled. 215; 
transmission of form, constitution 
and fertility, 216; equiil-style<^ 
variety, 218-223, 273. 274 

— striata, 50 

tisrt's. 14 ; difference it struc- 
ture between tlie two foyns, 15; 
degrees of fertility when legiti- 
mately o| illegitimately united, 
25-32 ; flkility possessed by ille- 
gitimate plant^^228-234 ; equal- » 
styled red variety, 234-238 ; long- 
styled, 241 ; length of pistil, 261, 
266 / 

vertigOkita, 49, 50 « 

etUdta, 49 

wlgara (vn^ aoavUs Linn.), 

34 : pgllon-gmiiM^ 86; relative fer- 

\ 


tilitv of the two forms, 37; length 
of pistil, 266 ^ 

Primula vulgaHs,yaT, ruhfa, 224-228 
Prundla vulgaris, 299 
Psychotria, 135 » 

Pvdmonaria angmti/dUa, 104, 239; 
anthers, 252. 287 

azurea, 110 • 

officinalis, 101, 2.S8 ; niiffbor of 

flowers, 248 ; pistil, 250 ^ 
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Pnnunculus aquatilie, 311 
Ray-florets, fl^oir use, 5. 6 
Hhamiius eathirtieus, 294, 807 ; size 
of corolla, 308 

frtuigula, 297 

Unaeolatus, 295 

Ehmanfhus crista-galli, 4 
IluMaceas, 125, 131-136; size of 


i 



anthers, 252 ; btigmns, 2.53 ; 
number of hctorostjied goiiuja, 
284, 285 

Eudgea eriantha, 135 
Rue, the common, 9 
EuMia tvberosOf 329 



Salvia, 308 . 

ddstogamoL, 340 

Hormintm, 8 

Satureia horleLsis, 803, 304 
Seabioia aroensis, 305 

atro purpurea, 305, 307 

— sueetsa, 305 ^ • 

Scott, J., on Primula auricula, 30, 
43, 2S^ ; P, vulgaris, 34 ; (var. * 
rubra), 224 ; P.vSikkimensis, 44 ; 
P./arinosa, 4o, 224 ; homostyliMl 
Primuhe, 49^ 50 ; hybfids. 74, '25 ; 
length of pistil, 272; Hettonia 
paluffts^ 51; Androsace vitals 
liana, Ht^olyanihus, 58 : 
diella repem, 127; AcanM^ir, 
313; Eranihemumambiguumu^rk 
ing three kinik of flowers, 329^ ^ 
SeropkdUtna aqmioa, 147 
Senidula tinetoria, 807 
gethia acuminata, 122 
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c ' SBTHIA. 

SMia dbtuuifolia, 122 
Smith, Sir J. fi., on the carrot, 8 ; 
hybrid yerbasowM/ 76»*'78 ; Ser- 
rahda tiHSoria, 280; CnicuSf 
807 : Subularia, 811 
SManeUa a^na.5i 
Specularia per/oltaia, 830 
^noe, Mr., on Mo^ia, 168 
JSjSrui^yoee, 135 

Sprengol on Hottonia palustfU^ 51 
SMUtria graminea, 313 
Strawberry, the Hantbois, 293 
Subtdaria, 311 
Suteria, 131 

T. o 

Thelymitra, 313 

Thomson, Dr., on Campanida^ 330 
Thrum-eyod, origin of term, 14 
Thwaites, Mr., on ovules of Lim- 
nanthemum Jndicum^ 116 ; Sethia 
acuminata, 122 ; Disconpermum, 
286 c 
Thymelia, 114 
Thnram eitriodania, 301 

cernyllam, 299, 301, 302, 304 

vulgari»t 302 

Timbal-Liagrave, M., on hybrids in 
genus CintuSt 76 f 
Torroy, Dr., on Hottonia ivflata, 
53, 313 

Transmission of the t'wo forms of 
hcterostyled plants 268-270 
Treviranus on Anfrooaoe vital- 
liana, 53 : Linum, 81 • 


^ V. 

Vand^ia numw^rifolta, 824 
— sessiflora, 32& 

Vauoher tlie cacrOt, 8; Soldo- 
^ndla alpina, 54; Lythrwn soli* 
earia, 138» 144; L, Ihpmifolia, 
165; iZsEB aqui/oliurf^/ 297 ; on 

A A 


WBAT, 

Ldbkdfet 293; Yicia hirta and 
coUina, 81 7 . « 

VerhofGum, wild hybrids of, 75-80 
‘ lyehnitU, 30, 76-78 

— phanimm, ^8 

^hapsiM, 76-79 

virgatum^ 78 ' t 

Viburnum, 6, 

Vida, 827 

ViUarsia, 116; Z52 ♦ 

Viola alba, 815, 3’JO 

biodlbr, 320 

hiflora, 320 

canina, 314, 321 

eolUna, 817- 

elatior, 320 

hirta, 318, 320 

ionodium, 320 

landfolia, 320 

mitabilin, 320 

nana, 319, 320; pollen-grains 

of, 338 

vdima, 317, 336 . 

palustris, 320 

Moaburghiana, 319 

— Euppii, 320 

sylvatica, 320 

triodor, 4^ 320 

Voandzda, 327 


W. 

Walnut, the, 10 

Watson, H. C., on cowslips, prim- 
roses, and oxlips, 57, 60, 63; 
Primula datior^ 72 , 73 
'Weddell, Dr., on hybrids between 
Aoerao and OrdhU, 76 
We^te-han, Mr., on Corylus, 10 
Wichura, on hybrid willows, 
76 ; Sterile hybrids, 240 » 

Wirtgen on Lythrum sdioaria, 138, 
144, 148 V 

Wooler, W., on Pdyanthuo, 18 
Wray, lieonaxd, on Fragaria, 293 
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( Gom^vatices available in Wild Countries. WoodeudOL 


CftOGlKAPHICAI. SOCIBTY’S JOUHNAL. {Pvbliaitd Yeorfy.), 
OEOBGE (Errsst). The Mosel ; a Series of Twenty Etchings, with 

Descriptive l.ett«rpress. Imperial 4to, 42s. ^ 


— Loire and South of France; a Series of Twenty 
Etchings, witliOescriptive Text Folio. 42s. 


QERMANT (Hxsiobt or). See Mabshab. 


GIBBON S (Edwabo) History of the Beeline and Fall of the 
Komao Empire. Edited by Miijian and Guizot. Edited, with Notes, 
by Dr. Wn. Smith. Maps. SVots. Svo. OOs. 


(The Student's Gibbon) ; Bgjask W Epitome of the 

above work, ineorperating the Researchelfur^oent Commentators. By 
Dr^WM. Smith. Woodcuts. Post Svo. 7s. Sd. 

GIFF ARB’S (Edward) Deeds of Naval Baring; or, Anecdotes of 
the Brltisb Navy. Fcap. 8vo. 8s. 6d. 

GLADSTONE’S (W. E.) Financial Statements of 1853, 1860, 63>65. 

6vo. 12s. 

. _ Rome and the Newest 'Fashions in Religion. 

Threo Tracts. Svo. 7«, Bd, 

GLEIG^S (G. K.) Campaigns of thQ British Army at Washington 
and New Orleans. Post Svo. 2f. 

Story of the Battle of Waterloo. Post Svo. 8e. 6d. 

Narrative of Sale’s Brigade in Affghanistan. Fost^^vo. 2#. 

— Life of Lord Clive. Post Svo. 34. 6(f. 

Thomas Mnnro.^ Post Svo, 8«. 6(f. 

GLYNNE (Sir Strpher). Notes ron the tr^hurches of Kent. 

t With lUnstratloDft. Svo. | {InPn^raUsn, 

GOLDSMITH’S (Olivsr) Works. Notea^hy Fum 

CuiraiiraBaM. Vignettes. dVols. Svo. SOISm 
GORDON’S (Sir Aubx.) Sketches of German ^We, and Scenes 
the Wa^of Liberation. Post Svo. as.Sd. V 

e (Ladt Duff) 4>inber- Witch ; A Tr«l for 'IfTiteh- 

eraft. PostSm. if. • vu 

“ French h/ Algiers. ?. The Soldier or the Foreigii 

Legion. 2. Tha,^nMnerB of Abd-^l-Kadlr. Post Svo. if. 

I QRAMMAKS. S^ Duriics ; HAfti ; Huzzon ; Kiiro Edward ; 

* UATTBi;e; maetzhbb; Smith. 
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OBEEQE (History of). See Orosb— S xiTH—Student. 

GREY’S (£abi) Correspondence with King WUliam lYtRi^nd* 

Sir H«rbert Taylor, from 1880 to 1632. 2 Vola. 6vo. 80«. 

■ ' Parliamentary Government and Reform; with 

Saggesttons p>r the Improvement of our Representative l^tem. 
Segond Sdiiion, 8vo. 9«. 

GUIZOTO (M.) Meditations on Christianity. ' 3 Vole. Post 8vo. 

GROTE ^lORoa). History of Greece. Prom the ILrliest Times 
to the oloanof the generation contemporary with the death of Alezandev 
the Qrttt. Library EdiHoti. Portrair, Maps, and Plana. 10 Tola. 8v^ 
% »Vahinet JSJttion. Portrait and Plana. 12 Vols. PoatSvo. 6«.^h. 

! — Plato, and other Companions of Socrates. 3 Yols. Svo. 4$t, 

^ Aristotlb. 2 Vols. 8vo. 32e. 

Minor VTorks. With Critical Remarks on his 

Intellectual Character, Wiitioga, and Speeches. By Albx.Baiv, LL.D. 
Portrait. 8vo. 14a. 

— % Pragments on Ethical Subjects. Being a Selection from 

hla Posthumous Papers. With an lutroducmn. By Alexanuib 
Bain, M.A. 8vo. 7s 

7 Letters on the Politics of Switzerland in 1847. 6 f. 

■ - Personal Life. Compiled from Pamily Documents. 

Private Memoranda, and Original Letters to and from Various 
Friends. By Mrs. Uhotr, Portrait. 8vo. 12«. 

HALL (T. D.) AN^ SMITH’S School Manual of English 

Grammar. With Copious Exercises. 12mo.' 8s. 6d, 

Primary English Grammar for Elementary ^Schools. 

Based on the above work. 16mo. 1«. 

Child’s Pirst Latin Book, including a Systematic Treat- 
ment of the New Fronti notation, and a full Praxis of Nonos, Adjec- 
tives, and Pronouns. IGmo. Is. 6d, ^ 

HALLAH’S (Hxvrt) Constitutional Histoiy of England, from the 

Aecesslon of Henry the Seventh to the Death of George the Second. 
IAbr€ary Sdltlm. 8 Vole. 8vo. aOs. Cabinet AdSition, 3 Vols. PostSvo. 12f. 

Student’s Edition of the above work. Edited by 

Wm. Smith, D.C.L. PostSvo. 7r.6A 

— History of Europe during the Middle Ages. Library 

EdUian. 3 Vols. 6vo. 80s. Giitaet ^t<»0R„3 V^s. PostSvo. 12s. 

Student's Edition of the above Vork, Edited by 

Wm. Smith, D.CJ(i. PoetSvo. 7s. 6d. 

Literary History Sf Europe, during the 15th, yith aRd 

17th CentnrleB. Library JEcPtien. 8 Vols. Svo. 8Sf. Cabinet EdUien, 
iVolt Post ^ 

(Art^)« L iterary Remains; in Terse and Prose. 

* Portrait, dap. Svo. 3s. Sd. ^ tam» 

HAHtLTOH’^air, Sn F. W.) Hiatoiy of the Onmadier baardi.* 
From Oijnnal Doenmento in the Rolls’ RoMrdB, War Office, Regimental 
Records, Cc. With lUustrattans. 8Vola.^Svo. 63s. 

HART’S ARMY LIST. QwarteHy turufAnnieaEg.) 

HATS (SxR Jo Ho DRtnmoHpfWeitent Barbaij^ its Wild Tribes 
• and Savage A^lBUds* PoRSvp. is. 
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LIST Oti' WORKS 


HEAD'S (Sir Frarois) Royal Engineor. HluatiationB. 8^. 12«. 

Life of Sir John Burgoyno. ' Foot Sve. I9. 

■ I " - — Rapid Jonmeya acroas tho Pampas. Post 8vo. 2s. 

Bubbles from ibe Bmnnen of Nassau, lllastrations. 

Post 6vo. 7«. 6<f. 

Stokers and Pokers ; or, the London and North Western 

Railwac* PostSvo. ^ 

(Sir %x>Mniri>) Shall and Will; or. Future /^nxilia^'y 


Verbs, 


4«. 


«nd Essnjs, historic*!, ethnogmphlcal, and geographleal, by Canox 
“ ■ ■ * “ R Bsvrt BAWLivflOK End Sib J. G. Wii- 

4Vol6. Svo. 48«. ^ 


FcRp. 8vo. 

flEpER'S (Bishof) Journals in India. 2 Yols. PosC^^vo^J^. 

' ^ Poetical Works. Portrait. Fcap. 8 to. 3d. 6 c2L 

-■ Hymns adapted to the Church Service. 16mo. la. 6 J. , 

HERODOTUS. A New English Yersion. Edited, with Notes 

, historic*!, etlmoffmphlca!, and ^ 

Havukbok, assisted by Sib 
UNBOV. Map^and Woodcuts. 

HERSGHEL'S (Caroltnk) Memoir and Correspondence. By 
Mrs John Urrscurl. With Portraits. Grown Sto 12 

HATHERLEY'S (Lord) Continuity of Scripture, as Declared 

c by the Testimony or our Lord and of the Evangelists and Apostles. 
8vo. 6s, Ibpular Edition. Post 6vo. 2s. 6d, 

HOLLWAY’S (J. G.) Month in Norway.^^Peap^Bvo. 2$, 
HONEY4. BEE. By Rbv. Thomas James. Fcap. 8vo. Is, 

HOOK'S (Dean) Church Dictionary. Svo. 16s. 

■■ ■ I. ■ (Thkopore) Life. By J. G. Lockhart. Fcap. Svo. Is. 
HOPE (T. C.). ARcnzTBCTURB OF Ahmedabad, with Historical 

Sketch and Arehiteetura! Notes. With Maps, Photographs, and 
Woodcuts. 4to. 62.5a. 

— (A. J. Bbresford> Worship in the Church of England. 

8to. 9s., or, Fopukf'’ Selections /torn. Svo. 2s. M. 

HORACE ; a New Edition of the Text. Edited by Dear Milmar. 

With 100 Woodeots. Crown Svo. 7s. 6d. 

9ft. 

With 


• Life of. Oy Dear Milmar* lllastrations. Svo. 


HOUGHTON'S (Ijord) Monographs. Peraona^^and Social. 

4 Portraits. Crown Svo. lOs. 6d, § 

— f Poetical Works. ialHeeted Edition. Por- 
trait. SVols. Fcap. Svo. ]2s. * 

om the Inva- 
^rrected and con- 
7s.edL \ ^ . 

HUTCHINSON (Oer.) , Dog Breaking, with Oddsbtbd Ends for 

tliose who love the Dog and tbcKlun. With 40 Illustrations. 6th 
edition. 7s. 

I HUTTON'S (H.Ej^PrincipjaQneeaVsn Introduction to the Study 

of Oreok. Comprehending Granuna?, Deleetus, and Sbmrolse-lMok, 
wlthVocahularteB. StxikEmirn. l2mo. sTHf ^ 


Fcap. Svo. 

HUME'S (Th^ Student's) History of EnglXndj 
^ lonof JulliuCiesar to the Eevolutfon of }688. 
* ^^inned to 18 m. Woodonts. Post Svo. 
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FOREIGN HANDBOOKS. ^ 

HAND-BOOK— -TRAYEL-TALK. English, French, Oerman^lantf 

Itsllan. 16mo. 8«. fti. 

HOLLAND AND BELGIUM, Map and Plans. 

post 8vo. 6tf. • 

NORTH GERMANY and THE RHINE,— 

Tbji Black Forest, the Ilarts, Thttrlnfforwald, Saxon Switzerland, 
^en the Giant Mountains, Taunas, Odenwald, BIjto-s, and Loth- 
;pn. Map and Flans. Post 8vo^ Jf 

- SOUTH GERMANY,— Wurtemburg, Bavaria, 

Austria, S^rla, Salzburg, the Austrian and Bavarian Alps, Tyrol, Huija 
gary^lBid the Danube, flrom Ulm to the Black Sea. Map. Post Svo^lOs* 

PAINTING. German, Flemiah, and Dutch Schoole. 

lllugtrations. 2 VoIh. Post Svo. 24s. e 

LIVES OF EARLY FLEMISH PAINTERS. By 

Cnowc and CAVAiOAsaiiLE. IlluBtratlons. PostSyo. 10s. (5tl. 

• SWITZERLAND, Alps of Savoy, and Piedmont. 

Maps, post 8vo. 9s. 

FRANCE, Part 1. Normandy, Qglttany, the French 

Alps, the Loire, the Seine, the Garonne, and the Pyrenees. Post Svo. 
7s. 6d. 

Part IL Central France, Auvergne, the 

Cevennes. Burgundy, the Rhone and Saone, Provuiiee, Niuiei, Arles, 
Marseilles, the Freuch Alps, Alsace, Lorraluo, Champagne, Ac. Mapi;. 
Fust Svo. 7s. (id, 

MEDITERRANEAN ISLANDS— Malta. Corsica. 

Sardinia, an^ici l y . ci^faps. Post Svo. [)n the Press. 

- -- ALGERIA. Algiers, Constantine, Oran, the Atlas 

Range. Map. Post Svo. 9s. * 

PARIS, and its Enyirons. Map. 16mo. 8s. 6d. 

Muhaay*8 Plan of Paris, mounted on canvas. Ss 6d. 

SPAIN, Madrid, The Castiles, The Basque Provinces, 

Leon, The Asturias, Galioia, Estreraadura, AndalusU, Uoiitla, Granada, 
Murcia, Valencia, Catalonia, Aragon, Navarra, The Balearic Islands, 
Ac. Ac. Maps. 2yola. Post Svo. 24s. 

PORTUGAL, l^sBov, Porto, Cintra, Mafra, Ac. 

Map. Post Svo. 12s. 

NORTH ITALY, Turin, Milan, Cremona, the 

Italian Lakes, Bergamo, Brescia, Verona, Mantua, Vicenza, _Padiia, 


Ferrara, Bologna, Ravenna, Kfininl, Piacenza, Genoa, the Riviera, 
Venice, Parma, .Modena, and Romagna. Mpp. Post Svo. 10s 

CENTRAL ITALY, Florence, J^ucca, Tuscany, The 


Mardies, Umbria, and theftate Patrimony of St. Peter’s. Map. Post Svo. 

— — ROlifE Ann lA Envirors. Map. Post t)yo. iPOd. 
SOTOfL ITACiY, Two Sicilies, Naples, Pompeii^ 

lum^uid 


ISerenlsnea 


^ 2 Vols. 


_nd VesnvluB. Map, Post Svo. 10s, 

J /AWACK GUIDK to ITALY. «6mo. 

.INXmO. Th« ItaliM Schoal.. LlustHtaiM. 

t Svo. SOs. • 

TFS OF ITALIAN PAINTERS, prom Cimabom 
. By Mrs. Js|naov. Portmlts. Post Svo. 12a. 

NORWAY, Christiania, BergeiL Trondhjem. The 

Fjelds and Fjords. Map. ^oet Svo. 9s. \ 

— SWEDEN, Stockholmf Upsala, Gothenburg, the 

Sbomofthe^altic, Ac. PoatSyo. 6s. , 
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HAKD-BOOK-— DENKABK, Sleswig, Holatein, Copenha^n, Jat- 

jftnd, Iceland. Map. Post Avo. 6^ 

h, ,. RUSSIA, St. PsTiRSBUBa, Mtosoow, Poland, and 

FnriiA«n. Mapa. PostS^o. 18f. 

GREECE, the Ionian Islands, Continental Greece, 

« Athena, the Pfltyponnesus, the lalande of the AlgeauBea, Albania, 
Thessaly, and ACaoedoaia Mapa. Post 8tro. 16s. 

— TURKEY IN ASIA — Constantinople, the Bos- 

phorus,. Bardanellea, Bronsa, Plain of Troy. Crete, Oypra\\ Smyrna, 
Bphesm^the Seven Churches, Coasts of the Black Sea,^ Armenia, 
Mesopotamia, dec. Maps. PostSvo. 15a. 4/ ** 

EGYPT, including Descriptions the Course of 

/ the Nils through Egypt and Nubia, Alexandria, Cairo, and Thebsa the 
f' Sues Canal, the P]Framids, the ^ninsula of Sinai, tAh Oe^sf*the 
Fyoom, Ac. Map, PostSvo. 16a 

HOLY LAND— Stbia, Palestine, Petiinsula of 

Sinai, Edom, Syrian Deserts, Petra, Damascus, and Palmyra. Maps. 
PoatSro. Travelling Map of Palestine. In ease. 

INDIA — Boubat and Madbas. Hap. 2 Yols. 

Post 8vo. 12«. each. 

ENGLISH HANDBOOKS. 

HAND-BOOK— MODERN LONDON. Map. lOmo. Zs, Bd. 
ENVIRONS OP LONDON within a circuit of 20 

miles. 2 Vols. Crown 8vo 21s. 

EASTERN COUNTIES, Chelmsford, Harwich, Col- 
chester, Maiden, Cambridge, Ely, Newmarket, Bury St Edmunds, 
Ipswich, Woodbrldge, Felixstowe, Lo^tofr^ iQIorwicb, Yarmouth, 
Cromer, &e. Map and Plans. Post 8vo. 12s. 

« — CATHEDRALS of Oxford, Peterborough, Norwich, 

Ely, and Lincoln. With 90 Illustrations. Crown 8vo. 18e. 

— KENT AND SUSSEX, Canterbury, Dover, Rams- 
gate, Bheemess, Rochester, Chatham, Woolwich, Brighton, Chiohester, 
Worthing, Hastings. Lewes, Arundel, Ac. Map. Poet S^o. 

SURREY AND HANTS, Kingston, Croydon, Rei- 

gate, Guildford, Dorking, Bozhill, Winchester, Southampton, New 
Forest, Portsmouth, and Isna orWinuT. Maps. Post 6vo. lOa. 

BERKS, BUCKS, AND OXON, Windsor, Eton, 

Reading, Aylesbury . Uxbridge, Wycombe, Henley, the City and Uni- 
varsity of Oxford, Bletdieim, and the De^nt of the TbaineB. Map. 
Post 8vo. 7«« Bd. 

WILTS, DORSET, AND SOMERSET, Safisbuiy, 

Gbippettham, Weymouth, Sherborne, Wells, Bath, Bristol, Taunton, 
dkc. Map. P^t 8vo. 10s. ^ 

DEVON AND COR]NWALL,^Exeter, Ilfracombe, 

I Linton, Sldmouth, Dawllsh, Teignibouth, Plymouth, Devonport, Tor- 
qnuy, Lanneei^^Traro,^F^iuwnoe,(^ffloatb, the LUsard,i^^^d*s End, 

Cathedrals ot WlnchesterT^lSaliBbury, jbxeter, 

Wells, ChtcAester, Rochester, Canterbury, adA St. l^lbans. With 180 
MM.JWustratlonsJ 2 Yols. Grown 8vo. 86s. 

t. GLbUCBSTBR, HBBEPORD,^ and YoBCBSTBR, 

Ctrenoeeter, Cheltenham, Stroud, TewkesbaryeLeoml%|tor,^Bo88, Mai* 
vem, Klddermlnater, t^udley, Brom 


0 ; I onj 


Worcester, anCLIohfleld. With 6<\lllastntion8. CroimSvo. 16f. 

NORTH WdHiES, Bangor, CamarTon, Beaumvis, 

Snowdon, Llanliexls, Dolgelly, Cadsridris^ Coa^ay, Ac. Map. ffost 
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HAND-BOOK— SOUTH WALES, Monmotith, Llandaff, Merthyr, 

Vale of Neatb, Pembroke, Carfflarthen, Tenby, Swansea, The Wye, Ao. 
Map. Poet 8vo. 7«. ^ 

CATHEDRALS OP BANGOR. ST. ASAPH, 

Llandaff, and St. 1>»7id*s. With IllnetratlooB. Post 8to. 16*. 

_ . — DERBY, NOTTS, LEICESTER, STAFFED, 

Matlock, Bakewell, Chatavortb, The Peak, Buxton, Hardwick, Y>OTe 
Dale, Ashborne. Southwell, Mansfield, Betford, Barton, BeWolr, Melton 
Mowbray, WblverhamptOD, Lichfield, Walsall, Tamworth. Hap. 
Posrsvo. 9s. ^ 

^ SHROPSHIRE, CHESHIRE ahd LifffCASHIRB 

, — SErewsbucy, Ladlow, Bridgnorth, Oswestry, Chester, Crewe, Alderley, 

* Stockport, viTkenhead, Warrington, Bary, Manchester, Liverpool, , 

^ Burnlaj'; CUtheroe, Bolton. Blackburn. Wigan, Preston. Bochdale, 

I juanoaster, Southport, Blackpool, Ac. Hap. Post 8vo. 10s. 

YORKSHIRE, Doncaster, Hull, Selby, Beverley,ii 

^ Searborongh, Whitby, Harrogate, Ripon, Leeds, Wakefield, Bradford, 

' Halifax, linddersfield, Sheffield. Map and Plans. Post 8vo. 12s. 

CATHEDRALS of York, Ripon, Durham, Carlisle, 

Chester, and Manchester. With 60 lllustratiouB. 2 Vela. Crown 8vo. 

% 21s. 

DURHAM AND NORTHUMBERLAND, New- 

castle, Darlington, Gateshead, Bishop Auckland, Stockton, Hartlepool, 
Sunderland, Shields, Berwick-on-Tweed, Morpeth, Tynemoa||ia Cold- 
stream, Alnwiok, Ac. Map. Post 8vo. 9s. 

WESTMOBLAND ahi> CUMBERLAND— Lan- 

caster, Femoss Abbey, Arableslde, Kendal, Windermere, Coniston,* 
Keswick, Ora.Hmere, Ulswatcr, Carlisle, Cockermouth, Penrith, Appleby. 
Map. PostSvo. 6s, « 

Mubbav's &Elp of Lakk District, on canvas. 8s.6<l. 

ENGLAND and WALES. Alphabetically arranged 

and condensed into one volume. Post 8vo [In Vie Prtu, 

— SCOTLAND, Edinburgh, Melrose, Kelao, Glasgow, 

Dumfirles, Ayr, Stirling, An-an, Tho Clyde, Oban, Inverary, Lock 
Lomond, Loch Katrine and Trossachs, Caledonian Canal, Inverness, 
Perth, Dundee, Aberdeen, Braemar, Skye, Caithness, Ross, Suther- 
' land, Ac. Maos and Plans. Post 8vo. 9f 

! IRELAND, Dublin, Belfast, Donegal, Galway, 

Wexford, Cork, Limerick, Watorford, Killaruey, Munster, Ac. Maps. 
Post 8vo. 12s. 

IRBY AND MANGLES' Travels in Egypt, Nubia, Syria, and 

the Holy Land. Post 8vo. 2s. 

JACOBSON'S (Bishop) Fragmentazy Illustrations of the Histoiy 

of the Book of Common Prayer; from Mapubcnpt Sources (Bishop 
SASDBBSon and Bishop Wren). 8vo. 6s. m 

JAMES* (Rev. Thomab) Fabled of Msop, ANew Translatdon, with 
Historical PrefufiT With ?00 Woodcuts by Tenvibi. sad Wo&f. 
PostSvo. 2s. 6i. ^ a 

JAMES^N^Mbs.). ,Liyes el the Early Italian Palmers— 
aft m Progres^if Painting in Itsly'^lmabue to Bassano. With 
60 Portraits* PostJ^o. 12s. • 

JERVIS .(Riv* \7. H.). Galilean Church, from the Con- 
cordat of Mogna, 1616, to the Revolution. Wild an IntrodAiiW* . 
Portraits. Jb Vols. cavo. 28s. * 

JESSE'S (Bdw)^) Gl^udingsin Natural History. Fep.Svo. 8a. 6d. 
JBX-BLAKE (Rev. T. W.). life in Faith : Sermons Preached 
at Cheltenhsm snd Rugby. Feap. 8vo. 8s. 6d, f 

JOHNS' (Rhy, B* G.) Blind Peoj^le; thelfi Works* ttnd Ways. With 
•Bketelies of the Lives of soilo bmoiis ^llod Men. With Illustrations. 
Poi|8vcu^ 7§*6tk 




LIST OF WOUKB 


18 ( 


HOHB AND COLONIAL LIBRABT. A Series qf Works 
^adapted ibr alleireles and elanea of Readers, having been selected 
• their acknowledged interest, and abilltjr of the Anthora. Post 8vo. 

Published at Ss. and 3a.6d.eaeb, and arranged under two distinctive 
heads as follows 

CLASS A. 


HISTORY. BIOGRAPHY. 

1. SIEOS OF GIBRALTAR. Df 

John Jx^^kwatsb. 2s. 

2. THE AMBER-WITCH. By 
« hjkjyt Duff Gobdon. 2s. 

^ Sr CROMWELL AND BCNYAN. 
By Robxbt Bouthbt. 8s. 

^ A LIFE OF SxB FRANCIS DRAKE. 
By John Babbow. * 2s. 

6. CAMPAIGNS AT WASHING- 
TON. By Rev. G. R. O 1 .B 10 . 2s. 

6. THE FRENCH IN ALGIERS. 

By Ladv Duvs\ Gobdon. 8s. 

7. THE FALL OF THE JESUITS. 

2s, ^ 

8. LIVONIAN TALES. 2s. 

. 9. LIFE OF CONDB. By Lobd Ma- 
hon. as. 6d. 

10. SALE'S BRIGADE. By Rbv. 
G.R. Glcio. a* 


AND HISTORIC TALES. 

11. THE SIEGES O^ VIENNA. 

By Lobd Ellbbmbbe. 2s. 

12. THE WAYSIDE CROSS. ' By 

Caft. Mi1.^4N. 2s. 

13. SKETCHES OF GERMAN LIFE. 

By SrB A. OobdOn. 1^. <Wf. 

14. THE BATTLE of WATERLOO. 

By Rbv. G. B. Ofifexo. 3s. ed. 

15. AUTOBIOGRAPHY OP STEI- 

FENS. Ss. 

16. THE BRITISH POETS. By 

Thomab Gampbbll. Ss.6f 

17. HISTORICAL ESSAYS. By 

Lobd Mahon. 3s. ddL 

18. LIFE OF LORD CLIVE. By 

Rbv. G. R. Glbio. 8s. 6d. 

19. NORTH - WESTERN RAIL- 

WAY. By SiB F. B. Hbad. 2s. 

20. LIFE OF MUNBO. By Rbv. G. 
^R. Glbni. 8s. 6d. 


CLASS B. 

VOYAGES, TRAVELS, AND ADVENTURES. 


1, BIBLE IN SPAIN. By Gbobob 

Bobbow. 3s. 6d. 

2. GYPSIES OF SPAIN. By Geoboh 

Bobbow. 8s. 6d. 

8&4. JOUBNALSINTNDIA. By 
Bishop Hedsb. 2 Vols. 7s. 

6. TRAVELS IN THH HOLY LAND. 
By iBBT and Mangles. 2s. 

6. MOROCCO AND THE MOORS. 

By J. Datnofo^ Hat. 2s. 

7. LETTERS FROM the BALTIC. 

By a Ladt. 

*8. NEW SOUTH WALES. By Mbs. 
Mhbsdxth. 21. 

9. THE WEST INDIES. ByM.Ol 
Lewtb. Gs.^ 

10 SKETCHES OF PERSIA. By 
■ i9iB John mAoolm. 8s. 6d. 

11. MEMOIRS OF FATHER RIPA. 

3s. » 

13 & 13. TYPES AND OMOO. By 
Huhami MmviLLB. 2 Vols. 7s. 


15. LETTERS FROM MADRAS. By 

a Ladt. 2s. 

16. HIGHLAND SPORTS. By 

Chablbb St. John. 3s. 6d. 

17. PAMPAS JOURNEYS. By Sib 

F.B.Hbad. 3s. 

18. GATHERINGS FROM SPAIN. 

By Riohabd Fobd. 6e( 

19. THE RIVER AMAZON. By 

W. H. EDWABDe. 3Sh 

M. MANORS A CUSTOMS OF 
INDK. ByRxT.G.AOLAND. 8s. 

ADVENTURES^ IN MEXICO. 

82. PORTUGAL AND ^GALICIA. 
ByXonn Cabnabvon. 8s. 6d» ' 

23. BUSH LIF&IN AUSTRALIA. 

By Ret. H.W. HatgAbtb. 8s. 
,84. THB*LIBYaV DESERT. By 
^ Batlb 8t. John. 8t. 

85. SIERRA LEONE. By A Ladt. 
8a64. 


M. HIS8IONARW LIFE Ilk CAN- 
ADA. By Bit. J. Anorr. 2s. 


Eadi work ma^ he had wparAely. 
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JOHNSON’S (Db. Samuil) Life. Bj James Boswell. Inoluding 
tile Tour to the Hebrides. Edited bj Mb. Gbokbb. ^>lo Edulm, 
Portnits. 4 Yols. Sro. [2n PreprrQ^, ^ 

Ures of the most eminent English Poets, inth 
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